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American Exhibitsatthe IN view of the fact that English- 
Orystal Palace. men so often speak in uncom- 
plimentary ways about what the Americans do in elec- 
trical engineering, it may be of interest to Americans, and 
of instruction to Englishmen, to note here a.report re- 
ceived from a private correspondent to the effect that if 
the American exhibits were taken out of the Crystal Pal- 
ace Exhibition there would be comparatively little of in- 
terest left. Under American exhibits are meant those that 
originally emanated from this side, although now in the 
hands of English companies. .t will be remembered that 
the same was also true, though perhaps in a less degree, of 
the electrical exhibits at the Paris Universal Exhibition of 
1889, in which the American exhibits not only covered a 
large part of the space devoted to this branch, but included 
without doubt the most novel and interesting electrical ex- 

hibits both to the general public and the electrician. 
WE are pleased to see that a number of 


me Potential 

. able experimenters are now making re- 
searches in the field of high potential phenomena about which 
so little was known only a short time ago, and which appears 
to open up such a new and interesting branch of electrical 
engineering. It is also a great satisfaction to notice the spirit 
of the experimenters in letting the public enjoy the results 
of their private researches by contributing descriptions of 
their work and results to the current electrical literature. 
Asin some other new fields, recent experiments seem to 
sh ow us that less was known about the behavior of high 
potential currents and their action on insulating materials 
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than was thought to be knewn. A table published many 
years ago embodying the results of experiments with strik- 
ing distances made with a high potential battery was for 
a leng time used as a sort of standard and was considered 
by many to show a reliable law. We now find out, how- 
ever, that the law, if there is any universal law at all, is 
quite different from what it was supposed to be. The in- 
structive experiments described by Mr. Skinner, of the 
Westinghouse company, in another column, accompanied 
by some very interesting cuts, are of the kind which will 
doubtless lead to a clearer understanding of this interesting 
field. 
Efficiency ef the Lauf- WE are glad to be able to announce that 
fen-Frankfort Plant. some of the resultsof the official test of 
the Lauffen-Frankfort transmission of power plant have 
at last been made public, although the details, we regret 
tosay, are still wanting. It appears from this report that 
the efficiency, measured from the turbine shaft at Lauffen 
to the secondary tegminals of the transformers in Frank- 
fort, was, in round numbers, 75 per cent. The loss of 25 
per cent. was distributed about as follows : Eight per cent. 
in the dynamos, 11 percent. in the line, and three to four per 
cent. in each of the transformers. It will be noticed from 
this that the figures of the efficiency, which we published 
some months ago, received from private sources, were so 


near to the correct results. that the present reports merely | 


corfi-m them definitely, but add nothing new. There is 
still a ‘question of how the efficiency will fall for smaller 
loads, in which case the charging of the line becomes a 
more important matter... In large plants, however, it is 
the efficiency at full load which is of importance, and not 
that at small loads, An efficiency of 75 per cent. is cer- 
tainly excellent for a transmission of over 100 miles through 
wires which, to all appearances, are not larger than the 
usual telegraph wires. 

Qualification of IN another column a contributor ap- 

Paraday’sLaw. pears to question the validity of Fara- 
day’s law regarding the equivalents between a current and 
the metal deposited by the current. It ought to be under- 
stood, however, that it is really not Faraday’s law which is 
in question as much as the way in which it is often stated 
by others. It is well known, for instance, that the amount 
of copper deposited per ampére per second may be double 
as much in one solution as in another, depending on the 
chemical combination in which the copper is held in that 
solution. This fact is well known and is stated in text 
books, which are clear and complete. It would appear, 
therefore, that, rather than to shake the foundation of our 
knowledge of electricity by questioning the validity of one 
of the fundamental laws, this law should be qualified or 
stated more clearly so as to cover all cases. The language 
often used in giving this law in books may not be suffi- 
ciently exact, but the law itself when properly understood 
would not have st@ed unquestioned so long if it were not 
correct. There is another law which should not be for- 
gotten, namely, ‘‘Don’t monkey with a buzz saw,” which is 
good advice to persons who attempt to overthrow well 
established laws. 

Recent Progress n Elee- IT may seem almost superfluous 

trical Industries, to give figures to substantiate the 
statements that have been made about the almost ab- 
normal growth of the electrical industries; but for the bene- 
fit of the skeptical, as well as for others interested in the 
actual figures, we have compiled the following, which 
fully substantiates the claims made regarding this growth. 
From the reports of the various Secretaries of State it ap- 
pears that in the last eight months 284 new central light- 
ing stations were. incorporated, representing a capital of 
$100,192,900; 133 new general electrical trades, represent- 
ing a capital of $67,946,500, and 105 new street railways, 
representing a capital of $61,100,300, not all of which, how- 
ever, were electrical, although we have no doubt it will be 
found from detailed reports that by far the larger part of 
them were, as it is difficult to conceive that at the present 
time anything but electric and cable roads would be pro- 
jected. The grand total of all these for the eight months 
is $229,239,700. Froma reliable contemporary it appears, 
furthermore, that the Westinghouse Electric Company is 
said to have three months’ business on hand and is ‘increas- 
ing its facilities; the Thomson-Houston Electric Company 
has unfilled orders for nearly 2,000 motors; during the past 
week the West End Street Railway Company has ordered 
164 new motors; orders were received from New Orleans 
and St. Paul, each for 60 new motors ; the Thomson-Hous- 
ton Company has part of the contract to furnish the equip- 
ment for the Interstate Railroad of Providence. It is fur- 
thermore claimed that the combination of the Edison and 
Thomson-Houston interests will result in lower prices to 
customers on all apparatus, but that great care will be 
taken to avoid making unprofitable contracts. 





No Right to Tax A CASE has just been decided in 
Patent Rights. Pittsburgh which is of importance to 
electrical manufacturers. Although it has reference to 
Pennsylvania State laws it nevertheless has some bearing 
in the other States as well, as it appears to be a question of 
interfering with rights granted by Congress. The question 
was whether the State had the right to tax the Westing- 
house cémpany. The tax law exempts companies organ- 
ized exclusively for manufacturing purposes, but the offi- 
cers of the State claimed that the company has in its char- 
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ter a great variety of powers besides those belonging 
strictly to a manufacturing corporation, and was therefore 
taxed upon its whole capital stock. The company claimed 
that its sole business was the manufacture of electrical 
apparatus. Regarding this point Judge McPherson decided 
that the company, notwithstanding the varied powers con- 
ferred by its charter, was nevertheless organized exclu- 
sively for manufacturing purposes, which decision 
seems to be eminently just. The company has other 
powers than those of manufacturing conferred by its char- 
ter, but it does not use them. The question also 
came up as to the right to be taxed for stock invested in 
patents. A large part of the capital stock of that company 
is invested in this manner, and it claims that this cannot 
lawfully be taxed by the State in any event. The court 
sustained the contention of the company’s counsel, and held 
that the right to tax patent rights does not exist in the 
State, “‘as a tax upon the right itself we think it cannot 
possibly be supported, because it réstricts and interferes 
with a right granted by Congress in the exercise of the 
power committed to the government of the United States 
by the Federal Constitution. The tax is not only derogatory 
from the dignity, but subversive of the powers of the gov- 
ernment and repugnant to its paramount sovereignty.’ 
The court expressly states, however, that the opinion is re- 
stricted to the intangible rights existing in the patents, and 
does not extend to tangible articles manufactured under 
patent rights. The decision in each of the cases was en- 
tirely in favor of the company. 


Tes'a’s London AT last the much talked of lecture of Mr. 
Lecture. Tesla, held in London in February, has 
reached this side. In order to give Americans the benefit 
of it, we print it in full in this issue. It fornis a very inter- 
esting addition to his first paper, read in New York a year 
ago, and also printed in full in THe ELEectricaL Wor tp, 
July 11, 1891. To comment on it here would be quite im- 
possible for any one who has not himself worked in this 
new and strange field which Mr. Tesla was unquestionably 
the first to enter and is at present still the sole explorer. 
We can only read with silent admiration the descriptions of 
his very interesting experiments and of his strange, dream- 
like prophecies of the future which his researches lead him 
to predict and which, coming from any one less distin- 
guished, would doubtless be laughed at as wild specula- 
tions. One cannot help admiring his courage, modesty, 
clear-sightedness and persistency in working as he does in 
this ig which it seems as though the ob- 


stacles 1 insurmountable. The fact that these 
currents. the resistance of almost all our known meth- 
ods of on would in itself seem sufficient to 


discourage most experimenters. Being sure of the 
correctness of one of his chief objects, namely, 
that there must bé some way of artificially producing cheap 
and economic light by methods radically different from the 
present, he proceeded first to find it, then to overcome the 
difficulties encountered and to make it practical. In gen- 
eral his lecture is of scientific interest, but much of it can be 
with interest by any electrician, and will give him a 
good idea of the nature of this new field of research. This 
present lecture is more in the nature of a continuation of 
his first one, rather than a repetition, as he appears to as- 
sume a knowledge of the former paper, although this as- 
sumption is not essential. A large portion is devoted to a 
detailed description of his experiments and of his apparatus, 
intended more particularly for those who wish to reproduce 
them; other portions, tosome of the more or less definite 
conclusions which he has arrived at; still others, to interest- 
ing predictions which his researches justify him to make. 
He credits Crookes with having given him his first idea, and 
throughout his whole lecture, with becoming modesty, he 
appears to forget Tesla, in his interest in the experiments. 
The interesting nature of this field and of his predictions 
will be seen from the following extracts: He speaks of the 
possibility of obtaining light effects without the use of any 
vessel whatsoever, with air at ordinary pressure ; he advo- 
cates oil as one of the best insulators, and speaks of distri- 
bution at 100,000 volis as ‘‘an easy matter,” and practicable 
to even 1,000 miles; with his sensitive rotating brush dis- 
charge he thinks that transatlantic telegiaphy will be 
possible at any speed; he speaks of 20,000 vibrations per 
second as ‘‘few,” and of air as being ‘“‘highly conducting” 
in this new field ; of running lamps and motors, not only 
with one wire, but also with no wire at all, and at con- 
siderable distances ; this he follows by predicting that we 
shall have no need to transmit power at all, and it is only 
a question of time when we will be able to obtain it, extract 
it, as it were, from any point in the universe ; he believes 
it quite possible to obtain at least twenty times the efficiency 
of our present incandescent lamp, and shows the importan 
of the incandescence of the gas surrounding the button in 
his lamp, the button itself being merely a ‘‘necessary evil. 
High potentials such as he uses he does not consider dan- 
gerous. He speaks of a system in which the metal pipes 
are the insulators and the gas in them the conductors. He 
describes a cable with which telephoning across the Atlantic 
may become possible, but adds that it will not be re- 
quired, as ere long ‘‘intelligence will be transmitted with- 
out wires through the earth.” He has been led to believe 
that light and heat effects in his experiments are propor- 
tional to the product of the frequency and thesquare of the 
potential, and suggests the possibility of usin frequenci ies 
of several millions per second ! LA RE 3A. Ss 
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— Table for Secondary Alternating Current 
Cireuits. 





BY H. W. FRUND. 

In alternating current service it has been found by prac- 
tical experience that we cannot estimate the losses in wir- 
ing by figuring from the dead resistance of the wire alone, 
for owing to the alternations of the current there is spu- 
rious inductive resistance set up in the wire which acts in a 
manner different to that of the constant current, tending 
to increase the loss to a slight extent. The following 
formula is arranged to cover the difference due to ohmic 
resistance and inductive resistance. This formula can be 
used for direct current work exactly the same as with al- 
ternating with the exception that the constant must: be 
changed to 10 for direct currents in place of 13 for alternat- 
ing currents. 

The formula with which the accompanying table‘has been 
prepared is as follows: 

Cc Xx > Xx EK _ (ircular mils area. 

C = current in amperes. 

L = total length of wire contained in both legs of cir- 
cuit. 

K = constant of 13, equivalent in inductive resistance 
to one mil-foot of commercial copper. 

V = volts loss. 


SECONDARY WIRING TABLE FOR 100 VOLT, 16 C. P. LAMPS, wir 6 
OF AN AMPERE PER LAMP; LOSS TWO VOLTS. 
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BY C. E. SKINNER. 

A series of experiments and tests have been in progress at 
the laboratory of the Westinghouse Electric and Manufac- 
turing Company, with a view of determining the char- 
acteristics and insulating properties of certain materials 
when subjected to high potential differences. Some of the 
phenomena and results which have been noted may prove 
of general interest in view of the present activity in this 


line of work. 


Several transformers connected in series are arranged to 
give any required difference of potential up to 35,000 or 
40,000 volts. A Cardew voltmeter is used in the low 
potential circuit, and the final E. M. F. is determined by 
ratio of conversion. 

Considerable experimenting has been done to determine 
the striking distance of different electromotive forces in 
air with different electrodes. It is not possible to give a 
curve for striking distances that will be more than approxi- 
mately correct unless the greatest precautions are taken in 
obtaining readings. The striking distance depends upon a 
great many conditions, a change in any one of which will 
change the striking distance for the same indicated E. M. 





Distance in 32ds of an inch |_| 
1 2 5 4 6 4 7 s » te 


Fie. 1.—STRIKING DISTANCE BETWEEN Two 90-DEGREE 
PoInts IN MELTED PARAFFINE AT 57 DEGREEs C. 


ot 


F. Some of the most important of these conditions are the 
following: Very slight burning or roughening of the points 
or surfaces used; dust or lint on them; length of time of 
application of E. M. F.; change in capacity of conductors 
or electrodes sufficient to bring in condenser effect (the 
latter may cause a spark across the air gap and curreat will 
then follow), and the use of armatures giving different 
E. M. F. curves. The striking distance and the power to 
break down insulation of any alternating current depends 
upon the maximum E. M. F. reached, and not upon the 
mean as read by a Cardew voltmeter. The number of al- 
ternations per minute is a very important element. There 
is often a change in results for which there is no apparent 
reason, but which may be due to the phase of the E. M. F. 
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at the time of closing the switch. Temperature, humidity 
and air currents also have their effect, but these are not so 
marked as the other influences named. 

With an armature giving very nearly a sine curve and 
16,000 alternations per minute the following results have 
been found. The potential differences given in this table 
are those indicated by a Cardew voitmeter: 


in 32ds of an 
sind of Electrodes used: E. *s- inch. 
Two 3¢-in. polished brass eth bsaee Me aewsss 35, 27 
Wee wens hoe, Samnees nae. ~~ gases 36,000 60 
7 3¢-in. brass rods turned to d paper 7 
poin points BONE 6 istics vn. 
a Eee i sdugy boob 6040 MEMALAT Aue KS as « 35,500 48 
Point and plate...... saeericieencaeee ue sidigds © 36,000 77 
OM GUNG: 655 sii csices cadivittcies bdbeciee. 35,200 
Two 1-16-in. platinum balls........ ............ 35,000 58 
Two pin DN sig be cobeds bayer ets kona eoeee kde 35,0. 0 66 


Curves for striking distances in various kinds of liquid 





Fic. 2.—35,000-Vor? DIscHARGE OVER. THE SURFACE OF A 
Guiass Disc, 10 INCHES IN DIAMETER. 


insulators have been found. Here again great care must 
be taken to have the conditions the same or the results will 
vary. Impurities, however slight, mechanical stirring of 


the liquid and the oxidization of the insulating material are . 


some important conditions which affect the results in ad- 
dition to those already enumerated for striking distances 
in air. The temperature is here an important item and 
should not be overlooked. The curve, Fig. 1, was obtained 
for the striking distances in melted paraffine at 57 degrees 
C.'with two 90 degrees points used as electrodes. 

The peculiar network of fiery streamers spreading over 
the surface of a solid dielectric when placed between the 
high potential terminals has already been described by 
other observers. The accompanying photographs show this 
effect when a potential difference of 35,000 volts was em- 
ployed with terminals and dielectric arranged to give as 
even a distribution of streamers as possible. The lower 
terminal is a brass disc 44 inches in diameter. Upon this 
is placed a circular disc of glass or mica. The upper ter- 
minal is a toothed wheel 1} inches in diameter above the 
plate. The connection to the upper terminal is by means 
of a fine copper wire. Fig. 2 was obtained when a plate 
of glass 10 inches in diameter and .065 inch thick was used 
as the dielectric. The spaces between the rim and spokes 
of the wheel and immediately over the lower disc, out- 
side of the wheel, are filled with a violet light resembling a 
brush discharge. There are well defined bands inside of 





K16. 3.—35,000-VoLt DISCHARGE OVER THE SURFACE OF A 
Mica Disc 10 INCHES IN DIAMETER. 


the wheel where the action is neutral. From the teeth 
of the wheel long streamers run over the edgé of the glass 
and back to the lower disc. 

The outline of the lower disc can readily be made out 
from the ends of the streamers which are seen through the 
glass. Fig. 3 shows the effect obtained by using a dise of 
mica of the same diameter as the glass and .018 inch thick. 
The portion of the streamers returning to the lower disc 
cannot be followed so easily in Fig. 3 as in Fig. 20n account 
of the slight opacity of the mica used. The streamers are 
constantly changing their paths, giving the appearance of 


26 y 
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—- Vot. XIX. No, 19, 
an animated network of fiery threads. The time of expo- 
sure for photographs was in each case about one-tenth 
of a second.’ A shorter exposure shows fewer streamers 
and it is possible that for each alternation there is but one 
path from the upper to the lower disc. The amount of 
current used is verysmall, Two distinct sounds accompany 
this discharge, one a loud crackling sound, the other the 
peculiar hum due to thealternating current dynamo, Beau- 
tiful brush discharges can be obtained by removing the di- 
electric and separating the terminals just beyond the strik- 
ing distance for the E. M. F. used. 

One terminal of the 35,000-volt circuit given one turn 
around an incandescent lamp bulb fills the lamp with a 
bluish light and at the same time violently agitates the fila- 
ment, which is usually broken after a few seconds. 

The static induction of one terminal upon the other may 
be shown by winding a helix of fine copper wire on the 
outside of a glass tube and placing a similar helix upon 
the inside. On connecting the high potential terminals to 
the two coils, the tube is filled with bluish light and every 
few seconds a discharge takes place from one spiral to the 
other through four or five inches of air around the end of 
the tube. A few plates of glass built up with tinfoil as a 
condenser give the same phenomena with increased in- 
tensity. After a few seconds the glass breaks down, being 
either pierced by the current or cracked by the intense 
heat of the discharge. Plates of glass have been found 
with deep furrows in one side as if small pieces had been 
forcibly chipped out. A strong odor of ozone accompa- 
nies all these luminous effects. 

Apparatus is now in use giving a potential difference of 
over 100,000 volts with various frequencies. Some prelimi- 
nary work with this apparatus shows that liquid insulators 
are more effective with high than with low frequencies. 





Allotment of Space for the World’s Fair in the Elee- 
tricity Building. 


Professor Barrett, chief of the Department of Electricity, 
has allotted the space in the Electric Building to the various 
countries that have signified an intention of making dis- 
plays, and in nearly every case the space allotted has been 
accepted, and arrangements are already being made for the 
installation of the exhibits. . 

The spaces given to the different countries are as follows, 
the letters or figures referring to the accompanying cut: 
F, France, 16,000 square feet ; 1, Germany, 20,000 ; 2, Eng- 
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ARRANGEMENT OF Foreign ELECTRICAL EXHIBITS AT THE 
Wor.p’s Farr. 


land, 20,000; 3," Austria, 1,100; 4, Switzerland, 1,100; 5, 
Belgium, 1,100; 6, Mexico, 500; 7, Spain, 500; 8. Italy 
500 ; 9, Russia, 440; 10, Holland, 440; 11, Denmark, 440 ; 
12, Norway, 440; 18, Sweden, 440. 

There was a slight misunderstanding, however, as to the 
position and amount of space which France should occupy. 
When it was found that only 6,000 square feet of space had 
been reserved for France, while both Germany and Eng- 
land had been allowed 20,000 square feet, there was consid- 
erable feeling on the part of the French in regard to the 
matter, and they claimed that the space was entirely in- 
adequate for their display. It was explained that the Eng- 
lish and German exhibits would consist of heavy machines 
while that of France would be, for the most part, testing 
instruments, and also that France had been given a wall 
space while Germany had not. A compromise was finally 
agreed upon, and two valuable stands in the centre of the 
north end of the building, each covering 5,000 square feet, 
were reserved for France; these are marked F in the di- 
agram. 

The space reserved for the German exhibits is in two 
sections, each marked 1 in the diagram. Germany will 
make its display of heavy dynamos and motors toa great 
extent, and especially apparatus for the transmission of 
power on a large scale, It is said that there will be at least 
one 1,000-h. p. motor and one 1,500-h. p. generator in the 
exhibit. There will also be a number of highly finished 
and powerful search lights, superior to those now manufac- 
tured in this country. The Germans lead in electro-deposi- 
tion, and a fine exhibit in that line is expected. 

The English display will be somewhat similar to that of 
Germany, in that it will consist chiefly of heavy machin- 
ery. One of the features will be the submarine cable work 
and the process of manufacturing and testing the cables 
will be shown, including model ships laying them. The 
English space is marked 2 in the diagram. 

France will contest with Belgium, Sweden, Denmark, 
Italy, Holland, Norway, Spain and Austria for the honor 
of displaying the most perfect testing apparatus, including 
meters and all kinds of fine measuring instruments. The 
French display will also include some powerful search 
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lights and some artistic ornamental work. Sweden, Rus 

sia and Mexico will occupy considerable space, although it 
is not known at present just how much. The great manu- 
facturing firm of Oerlikon & Co., of Zurich, will occupy 
the entire space allotted to Switzerland. All of the ground 
floor not assigned to foreigners, as indicated, will de given 
up to American exhibitors. 





The Construction of Telephone Subways. 


The construction of subways for telephone wires has 
been and is looked upon by municipal authorities as a 
question of expense only to those companies contemplating 
such work. Due credit has never been given to the tele- 
phone companies for the enormous expense of time and 
money involved in the construction of a proper and per- 
fect subway system. The great trouble and annoyance 
will never be known except to those most interested, and 
too much praise cannot be given to the officers of those 
companies who have voluntarily relieved the streets of 
their cities of the great mass of overhead wires that would, 
in cities like Boston at the time when all the wires were 
overhead, almost shut out the sunlight, besides causing 
annoyance and danger to the citizens. 

We show in the illustrations the work of subway con- 
struction in Boston as done by the National Conduit Manu- 
facturing Company, contractors for the work, which was 
so difficult in Boston that in many cases the contractors 
were compelled to have the trenches dug at low tide be- 
cause at high tide they would fill with water. In Hay- 
market Square in Boston one trench, 136 feet long and 7 feet 
deep, required over three weeks to open on account of the 
large number of gas and water mains which had to be 
moved, sewers to be cut through and rock to be blasted : 
and after all it was found impossible to have the trench 
straight. In that section 12 cement lined pipes were laid 
on a curve that was 64 feet off the centre in 136 feet. 

In New York City on South Fifth avenue in one block 
24 cement pipes were laid in the following manner: At 
one manhole there was plenty of width of trench, but no 
depth, and as the next manhole was approached the trench 
had less width but more depth, until at the next manhole 
the trench was only 18 inches wide, but 7 feet deep. In 
laying the conduit it was started with two layers of pipe 
12 wide and narrowed up and dropped down until at the 
other manhole there were 12 layers of pipe two wide. 

When the business of constructing underground conduits 
first started the general idea prevailed that the ducts must 
be laid perfectly straight. It will be noted, however, from 
the accompanying illustrations that in some places it has 
been impossible to do this, and an idea may be formed of 
the enormous cost of this class of work when it is learned 
that these cuts are photographs of trenches in the heart of 
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Isolated Plant at the Erie City Iron Works. 





Large manufacturing firms are coming more and more 
to adopt electricity for lighting purposes.and almost every 
week brings forth some new isolated plant. The accom- 
panying cut illustrates the interior of the dynamo room of 
the electric light station at the Erie City Iron Works, Erie, 
Pa., the largest boiler manufactory in the world. The 
Duplex Electric Company, of Corry, Pa., installed the 
plant. A 325-light United States dynamo, already in pos- 
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BY F. M. F. CAZIN. 
5. ELECTROLYTIC AND CALORIC EQUIVALENTS. 

Method for Calculating Electrolytic Energy Required.— 
Since by almost unanimous vote of the writing and 
practicing scientists of this terrestrial globe the unity of 
source for all energy has been accepted as a fact, the 
further step has been taken of assuming a standard unit 
of energy, by which all other energy may be measured. 


_ 





ELECTRIC LIGHTING PLANT AT ERIE, PA. 


session of the Erie company, was made use of, but the 
shop was entirely rewired. The arc light plant consists of 
two Duplex dynamos with a capacity of 40 lights each. 
which at present feed 60 Duplex arc lamps. These ma- 
chines are driven by two of the automatic engines built by 
the Erie City Iron Works, rated at 75 h.p. each. A 
Daplex focusing lamp is shortly to be added for the pur- 
pose of making blue prints. 

This is the largest isolated arc plant in Northwestern Penp- 





TELEPHONE SUBWAYS, CHURCH STREET AND ‘HAYMARKET SQUARE, BOSTON. 


‘he city of Boston, taken at the time the work of construc- 
tion was going on. 

The New England Telephone Company has been building 
subways every year from May until December for the past 
five years and has not yet quite completed its system. 
This company was the pioneer in underground work, and 
its good example is now being followed by nearly all the 
companies in cities of the first and second class, except in 
a few instances where the municipal authorities refuse to 
allow them the privilege of burying their wires at their 
own expense. 

It is safe to say that those telephone companies who 
have good underground systems in operation at the expira- 
tion of the telephone patents will be much better equipped 
to compete with new corporations than those having only 
overhead wires, © 


2h 6% 
sylvania. It has been running since last October and the 
Erie City company expresses entire satisfaction with it. 


—_——__-—- > > + > _- 


The First Electric Railway with Underground Feeders. 





We have received the following communication from 
Mr. Elwood C. Hall, of 1430 N. Fifty-fourth street, Philadel- 
phia, in regard to an article published in Tux ELEcTRIOCAL 
Wor p of March 12, the reply of Mr. Francis G. Daniell in 
regard to the first electric railway with underground 
feeders: ‘‘ 1 can emphatically and positively say that he is 
correct in his statement, as I was the electrical expert and 
inspector of said work in Minneapolis, being employed by 
the Edison General Electrical Company, of Chicago, whom 
Ijrepresented.} So tot{Minneapolis belongs the honor.” 


The unit thus accepted is the energy of heat that will 
raise the temperature of one kilogram of water for one de- 
gree of the centigrade thermometer. And this unit we call 
one calorie. 

To reduce all electrolytic expressions and requirements of 
energy to such a unit is so much more opportune, easy and 
desirable, as the chemical manifestations, which are in- 
volved in electrolysis, all directly result in either the setting 
free of thermable heat or in the absorption or binding 
thereof. Therefore, as in the preceding section, so 
in future all comparisons between the free effects becom- 
ing perceptible to our senses (thermable, weighable, meas- 
urable, etc.) and the theoretical effects calculable by corre- 
s onding equivalents of energy will be made on the basis 
uf caloric effects produced in the chemical act of uniting to 
a compound such matter which previously existed sepa- 
rate. It might then erroneously be assumed that these 
caloric effects, which were thus made the basis for and of 
cotaparisons of different values for energy of different de 
scription, be themselves values determined by a theoretical 
or mathematical method; but, indeed, they are not. They 
are naught but results of actual experiments carefully 
made, critically determined, often repeated and neverthe- 
less subject to verification or correction, but at this date 
uncontradicted and assumed as very pearly correct in the 
c »smopolitan republic of scientists. There is as yet no 
natural and general law recognized by scientists to criticise 
these experimental eff ects by, or by which to verify them. 

And yet this specific field of scientific research is by no 
means entirely uncovered. Much has already been done 
toward clearing up the darkness yet existing. And it be. 
hcoves us at this stage of the discussion to state what so far 
has been achieved in this direction. 

Berthelot proposes the following three laws for general 
acknowledgment, which was accorded to them by- gen- 
eral consent of scientific writers : 

1. The heat evolved in any chemical reaction is pro- 
portional to the sum of energy, chemical or physical, used 
up in such reaction (law of molecular energy). 

2. If agiven system of simple or compound matter in 


_ determined proportions experiences a chemical or physical 


change without other accessory exterior influence, then 
the heat either set free or absorbed in such change is ex- 
clusively dependent on the state of such matter previous 
and subsequent to such change, the caloric effect being the 
same, whether the change takes place in one single event 
or only successively (law of equivalent values as between 
chemical and mechanical energy). 

3. Every chemical reaction produced by the energy 
latent in matter entering into each reaction without being 
incited by outside acticn thereon, being foreign to the mat- 
ter as such, will take place in the direction of producing 
the compound in the formation of which the greatest 
caloric value is evolved (and by which the least caloric 
energ y remains latent, specific.) 

To these three laws actual electrolytic practice has 
added a fourth one, namely: 

4, When in the elect: olyte several independent chemical 





* For the first section of this paper see THE ELECTRICAL WORLD, 
April,30, 1892, 
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compounds are present, that compound will be dissolved 
first in the formation of which the least heat was set free, 
or whatis synonymous therewith that compound will 
be dissolved first which is held together by the least 
amount of chemica energy, or the electric nature of the 
components of which (negative or positive) is least distantly 
apart. 

And a further fifth law may be stated as an inevitable 
consequence of the unity of energy, now acknowledged 
and accepted by the entire scientific world, namely: 

5. The absolute or total thermable and latent heat pro- 
duced by chemical reaction, in which different matters 
form a compound is in quantity the same as the heat or 
its equivalent in other form of energy which is required 
for the disunion of the same compound. (Caloric effect in 
the one case, and endo-thermic effect in the other case.) 

The author then adds as a result of the critical digestion 
by himself of the experimental results established by 
Lavoisier, Crawford, Rumford, Dalton, Welter, Despretz, 
Dulon, Andrews, Favre, Silberman and others, the follow- 
ing four general natural laws relating to caloric effect of 
chemical reactions, namely : 

6. The absolute caloric effect (sum of thermable and lat- 
ent heat) of chemical combinations is not dependent on the 
quality of the positive element entering such combination 
and on its quantity only as conditional to the quantity of 
the relatively negative element entering into combination, 
but such effect rates with the quantity of the negative ele- 
ment entering the compound. 

7. Equal weights of negative element (oxygen, chlorine, 
sulphur, etc.), when combining with a positive element 

carbon or any metal), evolve equal absolute or total caloric 
effects (sum of thermable and latent heat), and such effect 
is measured in all cases, where not modified by the sum of 
volumes of components not being as the volume of the 
compound, by the quantity of the negative element (oxygen, 
chlorine, etc.) absorbed in the compound, 

_8. Where the sum of the volumes of the components is 
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FIsHER Cut-Out BEerore ACTION, 


larger than the resulting volume of the compound, ther- 
mable heat is added to the absolute effect of the reaction, 
but where it is smaller a part of the heat produced by the 
reaction becomes latent, and the thermable effect is so 
much less than the absolute or total effect. 

9. The combustion of any relatively positive matter by 
one kilogram of oxygen entering the compound results in 
an absolute caloric effect (sum of thermable and latent 
heat) of 3,030 calories, of which total effect a part only re- 
mains thermable in case of the volume of the product being 
larger than the sum of the volumes of the components, and 
to which caloric effuses, additional thermable effect be- 
comes perceptible in all cases where the volume of the 
product is less than the sum of the component volumes. 
(Compare Engineering and Mining Jour., Aug. 15, 1885.) 

That Faraday’s law stated to the effect that, the quantity 
of electricity flowing in a given circuit can be measured by 
the amount of metal which it deposits ina known period 
of time,* is not here quoted, is caused by the fact, as will 


* Thus quoted by W. G. McMillan in AT 5 Whesine 
Metallurgy.” london, 1801, p, B iat Seek reatise on Electro: 
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be proven, that it is not true and is not a law of nature as 
thus expressed: It has been established that the thermal 
effect of the absorption of one kilogram of oxygen 
varies in consequence of modifications in density between 
1,854.75 in the combustion of carbon to carbon-oxide to 
6,852.25 in the combustion of silicon to its dioxide. 


Electric Lighting at Easton, Pa. 


One of the model electric lighting plants operated under 
municipal control is the City electric light plant at 
Easton, Pa. About two years ago it was found necessary 
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GENERAL ARRANGEMENT OF THE ELECTRIC LIGHT PLANT 
at Easton, Pa, 


“ 


to enlarge the plant, which consisted of two 60 h. p. Ide 
automatic engines, built at Harrisburg, with an intermedi- 
ate shaft containing four pulleys; two 70 h. p. return flue 
tubular boilers, with Weitmeyer setting; one 150 h. p. 
Wainwright feed water heater and the necessary connec- 
tions. It was thought advisable to take out the steam plant 
referred to, and in its place two engines of 200 h. p. each, of 
what are known as the heavy duty ‘‘B” style type, were in- 
stalled by the John T. Noye Manufacturing Company, of 
Buffalo, N. Y., to whom the contract for enlarging the 
plant was awarded. The cylinders of the engines are 18- 
inch bore and 24-inch stroke, the @ngines running at 170 
revulutions. We show in the illustration the plan and sec- 
tional views of this central station, showing the location of 
the engines, which are connected directly to the opposite 
ends of a single shaft on which are four pulleys, which are 
connected by belts with the dynamo pulleys. 

The right-hand section of the illustration shows the 
method of connecting the steam and exhaust pipes with 
the engines. There were supplied, also, three boilers 74 
inches in diameter and 16 feet.6 inches long, with 126 three- 
inch tubes in each boiler; also, one 400 h. p. Wainwright 
horizontal heater, and complete settings of the Weitmeyer 
improved gas and smoke consuming furnaces. 

The smokestacks are 45 inches in diameter and 70 feet 
high, provision being made in this arrangement for an- 
other boiler at a later period. The entire plant in its ar- 
rangement and design is considered. @ model one, and is 
fitted Out with all the little conveniemeces so necessary in 
connection with a modern central station. The plant has 
been in operation successfully ever since the work of en- 
larging it was completed, and Mr. Robert H. Lerch, the 
superintendent, states that the operation of the Rice en- 
gines is highly satisfactory. 

The Fisher Automatic Cut-Oat. 


A very ingenious form of automatic cut-out is that 
which is here illustrated, the invention of Mr. Henry W. 
Fisher, electrician of the Standard Underground Cable 
Company, of Pittsburgh, Pa. The object of this piece of 
apparatus is to open the main or any other circuit when 
the E. M. F, of that circuit becomes greater than that for 
which the cut-out is set, and the means by which this is 
accomplished is quite different from that employed in the 
existing forms of cut-outs. - 

Fig. 1 represents the cut-out as set ready for use and 
Fig. 2 shows it after operation. The central portion is a 
piece of hard rubber upon which are mounted the brass 
parts and which is removed for setting by pulling the han- 
dle j in an upward and outward direction. The essential 
feature of the whole is the fine, silken thread which holds 
the arms of the switches in place, and which when burned 
off by the passage of a spark across the needle points in- 
stantly throws open the circuit. 

The main wires from the dynamo are connected tor r by 
suitable binding posts and the wires of the outside circuit 
lead off from aa. The connecting rods # w have matched 
heads which fit into 6 b and are held in place by the spring 
stripsec. The resistances h h are designed so as to stand 
the strain of being suddenly subjected to high voltages 
and yet permit sufficient current to pass to burn the thread 
instantly. _Where the cut-out is set for the first time these 
resistances are adjusted for the voltage desired and plainly 
marked, but will stand under the action of the cut-out two 
or three times that pressure. In grooves in k k and 
! are needles, the distance between whose points 
is accurately adjusted so that when the voltage 
has reached the proper point a spark will leap 
across and burn the thread which passes down between 
these points. This double spark length is measured by 
means of a micrometer device which enables it to be de- 

termined for the normal B. M. F. of any given machine, 
and when once this has been done a copper gauge is con- 
structed which can then be used to adjust the needle pointe, 
The silken thread ig fastened to the point /, and pasees 
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over the pin ine, down between the needle points, around 
m and m’, thence up between the needle points over ¢ and 
to the spool. _ By turning the spool the thread is tightened 
and draws the switches into places as seen in Fig. 1. 

The action of the cut-out is as follows: When the voltage 
increases to or beyond that for which the cut-out has been 
set a spark leaps across the two air gaps between the 
needle points and burns the throad. The instant this 
breaks the springs ¢ ¢ release the rods w w, which are 
pulled down by the powerful springs s s, and thus the cir- 
cuit is opened. The tension of the cord, the stiffness of 
the springs g g, the elasticity of the arms c c, and the 
strength of the springs s s, which can be regulated, all 
tend to break the circuit with great rapidity. 

The parts at the bottom of the hard rubber strip also 
play an important part. The piece gq, which can be con- 
nected electrically by means of the switch o to either n or 
n', is joined by a wire directly to the brush of the field side 
of the dynamo. Either p or p’, in this case p’, is connected 
to the field side of the line. Therefore when m’, released 
by the breaking of the thread, is pulled down upon n’ the 
field of the dynamo is short-circuited. So rapid 1s this ac- 
tion that in a number of tests the potential actually fell 
before the main circuit was broken by the release of the 
rods w w, and there was no apparent arc at breaking. If 
desired, an annunciator can be operated by the closing of 
the switch, m or m’', that is not used for short-circuiting 
the fields, and notice thus be given that the circuit is 
open. : 

The part b is connected to a ground wire terminal at the 
back of the marble base and has a two-fold object. In the 
first place it enables the cut-out to be used as a lightning 
arrester, since the lightning discharge will choose the part of 
least resistance, namely through the small air gaps at the 
needle points to ground, and this it can do from either 
side of the circuit. Secondly it causes the cut-out to open 
the circuit whenever a ground appears, or even when the 
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Fie, 2.—Fisnern Cut-Ovt Arrer Action. 


insulation of the circuit becomes dangerously low, sinee by 
the grounding of one side the air gap has been reduced one 
half, and hence, unless there is more than one ground oF 
fanless the insulation is proportionately low all over the 
circuit, there will be @ spark across the points and the 
circuit will be opened. 

This cut-out has been subjected to some severe tests and 
with very satisfactory results. A description of one oF 
two of these may serve to illustrate the operation of the 
apparatus: The needle points were adjusted to Operate 
under a pressure of 1,000 volts, but to open the circuit at 
1,500, Ten 100-volt lamps were inserted im series in the 
circuit and the voltage increased ; the moment the voltage 
reached 1,500 the cirouit was thrown open and so rapidly. 
it is claimed, that no incveqse im the brightness of the 
lamps was perceptible. The cut-gyt was in another in- 
stance adjusted so that it would ngt aperatp at 1,000 volts 
and that pressure was applied ; one side of the ejeuit was 
then grounded, whereupon the circuit opened jnatantly- 
Some quite remarkable results were also claimed as te it§ 
action in 4 cable insulation tesf, 
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Experiments with Alternate Currents of High Poten- 
tial and High Frequency.* 


BY NIKOLA TESLA, 


Se ee ae Ce eae ree SOs I feel the 
honor of addressing some of the foremost lakers of the 
z time, andso many able 
scientific men, — and 
electricians, of country 
greatest in scientific achieve- 
ments. i 
The results which I have the 
honor to present before such a 
gathering I cannot call my 
own, There are among you 
not a few who can lay 
claim than myself on any fea- 
ture of merit which this work 
may contain. I need not men- 
tion many names which are 
ae of those 
among you whoare recognized 
as the adere in this enchant- 
ing science; but one, at least, I 
must mention—a name which 
could not be omitted in a dem- 


onstration of this kind. It is a name associated with the 
most beautiful invention ever made: it is Crookes! 








NIKOLA TESLA. 


When I was at college, a good time , 1 read, ina 
translation (for then I was not familiar your ifi- 
cent ge), the description of his experiments on t 


matter. I readit only once in my life—that time—yet every 
detail about that charming work I can remember this day. 
Few are the books, let me say, which can make such an 
—e upon the mind of a student. 

ut if, on the present occasion, I mention this name as 
one of many your institution can boast of, it is because I 
have more one reason to do so. For what I have to 
tell you and to show you this evening concerns, in a large 
measure, that same vague world which Professor Crookes 
has so ably explored; and, more than this, when I trace 
back the mental process which led me to these advances— 
which even by myself cannot be considered trifling, since 
they are so appreciated by you—I believe that their real 
origin, that which started me to work in this direction, and 
brought me to them, after a long period of constant thought, 
was that fascinating little hb which I read many years 


ago. 

And now that I have made a feeble effort to my 
homage and a my indebtedness to him and 
others you, I wi a second effort, which I 
hope you will not find so feeble as the first, to entertain 
you. 

Give me leave to introduce the subject in a few words. 

A short time ago I had the honor to bring before our 
American Institute of Electrical Engineers+ some results 
me in a novel line of work. I need not 
assure you that the many evidences which I have received 


that English scientific men and were interested 
in this work have been for me a reward and encour- 
agement. I will not dwell u experiments already 
described, except with the view of comy , Or more 
clearly expressing, some ideas me before, and 
also with the view of rendering here presented 

of this even- 


self-contained, and my remarks on the 
ing lecture consistent. * 

is investigation, then, it goes without saying, deals with 
alternating currents, and, to be more , with alter- 
nating currents of ~— tial and high . Just 
in how much a very high frequency is essential for. pro- 
duction of the results presented is a question which, even 
with my present experience, would embarrass me to an- 
swer. Some of the experiments may be performed with 
low frequencies; but very high f ies are desirable, 
not only on account of the many effects secured by their 
use, but also as a convenient means of obtaining, in the in- 
duction apparatus employed, the high potentials, which in 
their turn are Mecessary to the demonstration of most of 
the experiments here contemplated. 

Of the various branches of electrical investigation, per- 
haps the most interesting and immediately the most promis- 
ing is that dealing with alternating currents. 
in this branch of applied science has been so great in recent 
years that it justifies the most sanguine hopes. Hardly 
have we become familiar with one fact, when novel ex- 
periences are met with and new avenues of research are 
opened. Even at this hour possibilities not dreamed of be- 
fore are, by the use of these currents, partly realized. As 
in nature all is ebb and tide, all is wave , 80 it seems 
that in all branches of 7 eee currents—elec- 
tric wave motion—will have sway. 

One reason, parnats. ey gy branch of science is bein 
so rapidly developed is to found in the interest whic 
is attached to its experimental study. We wind a simple 
ring of iron with coils ; we establish the connections to the 
generator, and with wonder and delight we note the effects 
of strange forces which we bring into play, which allow us 
to transform, to transmit and direct energy at will. We 
arrange the circuits properly, and we see the mass of iron 
and wires behave as though it were endowed with life. 
spinning a heavy armature, through invisible connections, 
with great s and power—with the energy possibly con- 
veyed froma great distance. We observe how the energy 
of an alternating current traversing the wire manifests 
itself—not so much in the wire as in surrounding space 
—in the most apres: manner, taking the forms of heat, 


light, mechanical energy, and, most eee 9 9 even 
chemical affinity. All these observations fasc us, and 
fill us with an intense desire to"-know more about the 
nature of these phenomena. Each day we go to our work 
in the bees of discovering,—in the hope that some one, no 
matter who, may find a solution of one of the ing great 
problems,—and each succeeding day we return to our task 
with renewed ardor; and even if we are unsuccessful, our 
work has not been in vain, for in these strivings, in these 
efforts, we have found hours of untold , and we 
have directed our energies to the benefit of mankind. 

We may take—at random, if you choose—any of the 
iany experiments which may be performed with alternat- 
ing currents; a few of which only, and by no means the 
ost striking, form the subject of this evening’s demon- 
eee ve are all equally interesting, equally inciting 
fe) 

Here is a simple glass tube from which the air has been 


“A lecture delivered before the Institution of Electrical Engineers 
(London) Feb, 3, 1892. 


‘For Mr, Tesla’s American lecture on this su Tue E.ec- 
TRICAL WoRLD of July 1 and for a of bie French lec. 
(ire se0 THE ELECTRICAL WORLD of March 9% 182, 
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partially exhausted.’ I take hold of it; I bring my body in 
contact with a wire conveying alternating currents of high 
, and_ the tube in my hand is brilliantly lighted. 

i ipapuee, te tar anh toe teak ts sate, pleating Nght per 
as far as I can ; - 

wen & per 


sists tness. na as 
suspended from a single wire. 

Standing on an insulated ea 2. 5 

num button mounted in it is brought to vivid incandes- 

cence. 

. Here, attached to a leading wire, is another bulb, which, 

as I touch its metallic socket, is filled with magnificent 

colors of phorescent light. 

’ Here still another, which by my fingers’ touch casts a 
Crookes ithe 


8 w—the shadow stem inside of it. 
, insulated as I stand on this orm, I bring 
my body contact with one of the te: of sec- 


there, I ask, can there be,a more interesting study 
hat of alternating currents? 
hogs these aren, in all —_ experiments, 
w are so very, very interesting, for many years 
past—ever since the greatest experimenter who lec- 
tured in this hall discovered its — 
companion, an ~ ow nce familiar to every one, a 
plaything once, a momentous importance now— 
the induction coil," There is no dearer appliance to the 
electrician. From the ablest among you, I dare say, down 
to the inexperienced student, to your lecturer, we all have 
many a hours in experimenting with the 
have watched its play, and thought 
and pondered over the beautiful phenomena which it dis- 
closed to our ravished eyes. So well known is this appa- 
ratus, so familiar are these phenomena to every one, that 
my nearly fails me when I think that I have ven- 
tured to so able an audience, that I have ventured 
to entertain you with that same old subject. Here in real- 
apparatus, and here are the same phenom- 
ena, only the apparatus is somewhat differently, 
the ymena are presented in a different aspect. Some 
of the results we find as expected, others surprise us, but 





Fic. 1.—DiscHARGE BETWEEN Two WIRES WITH FRE- 
QUENCIES OF A FEW HUNDRED THOUSAND PER 
SECOND. 


all captivate our attention, for in scientific investigation 
each novel result achieved may be the centre of a new de- 
parture, each novel fact learned may lead to important de- 
velopments. 

Usually in operating an induction coil we have set up a 
vibration cf moderate frequency in the primary, either by 
means of an interrupter or break, or by the use of an alter- 
nator. Earlier lish investigators, to mention only 
Spottiswoode and J, E. H. Gordon, have used a rapid 
break ih connection-with the coil. Our knowledge and 
experience of enables us to see clearly why these 
coils under the ions of the tests did not disclose any 
remarkable phenomena, and why able experimenters 
failed to preceive many of the curious effects which have 
since been observed, 

In the experiments such as performed this evening, we 
operate the coil either from a specially constructed alter- 
nator capable of giving many thousands of reversals of 
current per second, or, by disruptively discharging a con- 
denser through es we set up a vibration in the 
secondary circuit of a ee of many hundred thou- 
sand or millions per second, if we so desire; and in using 
either of these means we enter a field as- yet unexplored. 

It is impossible to pursue an investigation in any novel 
line without finally making some interesting observation 
or learning some useful fact. That this statement is appli- 
cable to the subject of this lecture the many curious and 
unexpected phenomena which we observe afford a con- 
vincing proof, By way of illustration, take for instance 
the most obvious phenomena, those of the discharge of the 
induction coil. 

Here is.a coil which is operated by currents vibrating 
with extreme rapidity, obtained by disruptively discharg- 
nee Leyden jar. It would not surprise a student. were 
thé lecturer to say that the secondary of this coil consists 
of a small length of comparatively stout wire ; it would not 
surprise him were the lecturer to state that, in spite of this, 
the coil is capable of giving any potential which the best 
insulation of the turns is able to withstand ; but although 
he may be prepared, and even be indifferent as to the antici- 
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, yet the aspect of the discharge of the coil will 
interest him. Every one is familiar with the 
mengvat an ordinary coil; it need not be reproduced 

t, by way of contrast, here is a form of discharge 
coil, the primary current of which is vibrating several 
undred thousand times per second. The disch of an 
r coil appears as a simple line or band of light. The 
dise of this coil appears in the 
form of powerful brushes and lumin- 
ous streams issuing from all ve 
of the two straight wires sttached to 
the terminals of eage 


Now com is phenomenon 
witnessed with 


i 
i 


a ; 


with other experi I could have 
roduced with this coll specks which, 
d I the coil hidden from your view 
and only two knobs exposed, even 
the keenest observer among you would 
find it difficult, if not impossible, to 
distinguish from those of an influence 
or friction machine. 


— teed) oe of = low 
requency, prefe a tin, 

the disc circuit o there 
are no illations set up in it. We 
then obtain in the secon circuit, 
if the knobs are of the required size 
and properly set, a more or Jess rapid 
succession of sparks of great intensity 
and smal) quantity, which the 
same brilliancy, and are accompanied 

by the same sharp crackling sound, G 
Se “2 > ageae * teten Fie. 2. — Iurratine 
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in i the spark of a Holtz machine. For this pur- 
pose I een the terminals of the coil which 
c a long, arc, which is - 


of the arc, and close to it, a e of mica. The con- 
denser charged from this coil i primary 
circuit of a second coil through a air gap, which is 
necessary t pi a sudden rush of current the 
primary. schenie of connections in the present experi- 
ment is” ted in Fig. 2. 


Gis an a ees ae the 
of a ion coil, the secondary S of which 
charges the con rsorjarsC C. The 


secondary are ed to the inside coatings of the jars, 
a, au es ries 
pot coil. This primary p p 


mary 
as air gap a b..- 

The secondary s of this coil is provided with knobs or 
spheres K K of the proper size and set at a distance suit- 
able for the experiment. 

A long are is established between. the terminals A B of 
the first induction coil, M Mare the mica plates. 

Each time the are is broken between A and B the jars 
are pile changed aad Seereed through the primary. 

P, peamening Sere Sper between the kn KE 
{pon the arc forming en <i and B the potential falls, 
and the jars cannot be charged to such high potential as to 
break through the air gap a b until the arc is again broken 
by the draught. 

In this manner sudden impulses, at long intervals. are 
produced inthe. primary p D. which in the secondary s 

ing number of impulses of great intensity. 


givea 

On knobs or spheres, K K, are of the 
sine show much resemblance to those of a Holtz 
mac. k 


But these two effects, which to the eye appear so very 
different, are only two of the many discharge nomena. 
We Se eee Oe ee ee ere test, and 
again we make other observations of interest. 

When, instead of operating the induction coil as in the 
two last ts, we operate it from a high frequency 
of the Piaaataes eon WME wane eany, In on 
of ¢ is m more easy. suc 

in the strength and frequency of the cur- 

rents t , we may observe five distinct 

rge, which I have described in my former 

paper on thesubject* before the American Institute of Elec- 
trical En , May 20, 1891. 

It would take too much time, and it would lead us too 
far from the subject presented this on. to reproduce 
all these forms, but it seems to me desirable to show you 
one of them. It is a brush discharge, which is interesting 
in more than one respect. Viewed from a near position 
it resembles much a jet of gas escaping under great press- 
ure. We know that the phenomenon is due to the agita- 
tion of the molecules near the terminal, and we anticipate 
that some heat must be developed by the impact of the 
molecules against the terminal or inst each other. In- 
deed, we find that the brush is hot, and only a little 
thought leads us to the conclusion that, co’ we but 
reach sufficiently high frequencies, we could produce a 
brush which would give intense light and heat, and which 
would resemble in every particular an ordi flame, 
save, perhaps, that both phenomena might not be due to 
the same agent—save, perhaps, that chemical affinity 
might not be electrical in its nature. 

As the production of heat and light is here due to the im- 
pact of the molecules, or atoms of air, or something else 

ides, and, as we can augment the energy simply by 
raising the potential, we might, even with frequencies ob- 
saleed from adynamo machine, intensify the action to 
such a degree as to bring the terminal to melting heat. 
But with such low frequencies we would have to deal al- 
ways with something of the nature of an electric current. 
If A ha conducting object to the brush, a thin 
little spark passes, yet, even with the frequencies used this 
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evening, the tendency to spark is not very t. So, for 
eee if I hold a Saotellie aphere at some Tistance above 
the terminal you may see the whole s: between the 
terminal and sphere illuminated wt e streams without 
the spark passing; and with the much higher frequencies 
obtainable by the disruptive disc of a condenser, were 
it not for the sudden impulses, which are comparatively 
few in number, sparking would not occur even at very 
small distances. However, with incomparably higher fre- 
quencies, which we may yet find means to produce effi- 
ciently, and provided that electric impulses of such high 
frequencies could be transmitted through a conductor, the 
electrical characteristics of the brush discharge would com- 

letely vanish—no spark would ‘pass, no shock would be 

elt—yet we would still have to deal with an electric phe- 
nomenon, but in the broad, modern interpretation of the 
word. In my first paper before referred to I have pointed 
out the curious properties of the brush, and descri the 
best manner of producing it, but I have thought it worth 
while to endeavor to express myself more clearly in regard 
to this phenomenon, because of its absorbing interest. 

When a coil is operated with currents of very high fre- 

uency, beautiful brush effects may be produced, even if 
the coil be of comparatively small dimensions. The ex- 
perimenter may vary them in many ways, and, if it were 
nothing else, they afford a pleasing sight. What adds to 
their interest is that they may be produced with one single 
terminal] as well as with two—in fact, often better with 
one than with two. 

But of all the discharge phenomena observed, the most 
pleasing to the eye, and the most instructive, are those ob- 
served with a coil which is operated by means of the dis- 
ruptive discharge of a. condenser. The power of the 
brushes, the abundance of the sparks, when the conditions 
are patiently adjusted, is often amazing. With even a very 
ae coil, if it be so well insulated as to stand a difference 
of potential of several thousand volts perturn, the ‘sparks 
may be so abundant that the whole coil may appear a com- 
plete mass of fire. 

Curiously enough the sparks, when the terminals of the 
coil are set at a considerable distance, seem to dart in every 

ible direction asthough the terminals were perfectly 
ndependent of each other. As the sparks would soon de- 
stroy the insulation it is necessary to prevent them. This 
is best done by immersing the coil in a good liquid insula- 
tor, such as boiled-out oil. Immersion in a liquid may be 
considered almost an absolute necessity for the continued 
and successful working of sucha coil. 

It is of course out of the question, in an experimental lec- 
ture, with only a few minutes at disposal for the perfor- 
mance of each experiment, to show these discharge phe- 
nomena to advantage, as to produce each phenomenon at 
its best a very careful adjustment is required. But even 
if jy agent produced, as they are likely to be this even- 
ing, they are sufficiently striking to interest an intelligent 
audience. 

Before showing some of these curious effects I must, for 
the sake of completeness, give a short description of the 
coil and other apparatus used in the experiments with the 
disruptive discharge this evening. 

It is contained in a box B (Fig. 3) of thick boards of hard 
wood, covered on the outside with zinc sheet Z, which is 
carefully soldered all around. It might be advisable, in a 
strictly scientific investigation, when accuracy is of great 
importance, to do away with the metal cover, as it might 
introduce many errors, gape on account of its com- 
plex action upon the coil, as acondenser of very small ca- 
yooty and as an electrostatic and @lectromagnetic screen. 

en the coil is used for such experiments as are here 
contemplated, the employment of the _cover offers 
some practical advantages, but these are not of sufficient 
importance to be dwelt upon. 

he coil should be placed symmetrically to the metal 


7.4 
4 


RVR™VIHANY & 








Fie. 3,—DisruprivE DiscHarGE CorL. 
cover, and the space between should, of course, not be too 
small, certainly not less than, say, five centimetres, but 
much more if possible; especially the two sides of the zinc 
box, which are at right angles to the axis of the coil, 
should be sufficiently remote from the latter, as otherwise 
oy might impair its action and be a source of loss. 

e coil consists of two spools of hard rubber R R, held 
a at a distance of 10 centimetres by bolts ¢ and nuts 
n, likewise of hard rubber. Each spool comprises a tube 
T of approximately 8 centimetres inside diameter, and 8 
millimetres thick, upon which are screwed two flanges FF, 
24 centimetres square, the space between the flanges being 
about 8 centimetres. The secondary, S S, of the best 
gutta percha-covered wire, has 26 layers, 10 turns in each, 
giving for each half a total of 260 turns. The two halves 
are wound oppositely and connected in series, the connec- 
tion between both being made over the primary. This 
disposition, besides em convenient, has the advantage 
that when the coil is well balanced—that is, when both of 
its terminals 7, T, are connected to bodies or devices of 
equal capacity—there is not much danger of breaking 
through to the primary, and the insulation between the 
primary and the secondary need not be thick. In using the 
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coil it is advisable to attach to both terminals devices of 

nearly equal aay as, when the capacity of the termi- 

nals is not equal, sparks will be apt to pass to the primary. 

To avoid this, the middle point of the secondary may 

ee to the primary, but this is not always practi- 
e. 

The primary P P is wound in two parts, and oppositely, 
upon a wooden s 
the oil through hard rubber tubestt. The ends of the 
secondary 7', 7, are also led out of the oil through rubber 
tubes ¢t, t, of great thic----. The primary and second- 





Fic. 4.—ARRANGEMENT OF IMPROVED DISCHARGER AND 
MAGNET. _ 


ary layers are insulated by cotton cloth, the thickness of 
the insulation, of course, bearing some proportion to the 
difference of potential between the turns of the different 
layers. Hach half of the primary has four layers, 24 turns 
in each, this giving a total of 96 turns. 1en both the 
parts are connected in series, this gives a ratio of conver- 
sion of about 1:2.7, and with the primaries in multiple, 
1: 5.4; but in operating with very rapidly alternating cur- 
rents this ratio does not convey even an approximate idea 
of the ratio of the E. M. Fs. in the primary and secondary 
circuits. The coil is held in position in the oil on wooden 
supports, there being about 5 centimetres thickness of oil 
all round. Where the oil is not specially needed, the space 
is filled with pieces of wood, and for this purpose princi- 
pally the wooden box B surrounding the whole is used. 

The construction here shown is, of course, not the best on 
general principles, but I believe it is a good and convenient 
one for the production of effects in which an excessive 
potential and a very small current are needed. : 

In connection with the coil I use either the ordinary 
form of discharger or a modified form. In the former I 
have introduced two changes which secure some advantages, 
and which are obvious. If they are mentioned, it is only 
in the hope that some experimenter may fiad them of 
use. 


One of the changes is that the adiustable knobs A and B - 
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(Fig. 4), of the discharger are held in jaws of brass, J J, 
by spring pressure, this allowing of turning them succes- 
sively into different positions,and so doing away with the 
tedious process of frequent polishing up. 

The other chahge consists in the employment of a strong 
electromagnet N S, which is placed with its axis at right 
angles to the line joining the knobs A and B, and produces 
a strong magnetic field between them. The pole pieces of 
the magnet are movable and properly formed so as to 
protrude between the brass knobs, in order tomake the field 
as intense as ible; but to prevent the discharge from 

jumping to the magnet the pole pieces are protected by a 
of mica, M M, of sufficient thickness. s, s , and s, s, 
are screws for fastening the wires. On each side one of 
the screws is for large and the other for small wires. L L 
are screws for fixing in position the rods R R, which sup- 
port the knobs. 

In another arrangement with the magnet I take the dis- 
charge between the rounded pole pieces themselves, which 
in such case are insulated and preferably provided with 
polished brass caps. 

The employment of an intense magnetic field is of ad- 
vantage principally when the induction coil or transformer 
which charges the condenser is operated by currents of 
very low frequency. In such a case the number of the 
fundamental discharges between the knobs may be so small 
as to render the currents produced in the secondary unsuit- 
able for many experiments. The intense magnetic field 
then serves to blow out the arc between the knobs as soon 
as it is formed, and the fundamental discharges occur in 
quicker succession. 

Instead of the magnet, a draught or blast of air may be 
employed with some advantage. In this case the arc is 
preferably established between the knobs A B, in Fig. 2 
(the knobs a b being generally joined, or entirely done 
away with), as in this disposition the arc is long and un- 
steady, and is easily affected by the draught. 

When a magnet is employed to break the arc, it is better to 
choose the connection indicated diagrammatically in Fig. 5, 
as in this case the currents forming the arc are much more 
powerful, and the magnetic field exercises a greater influ- 
ence. The use of the magnet permits, however, of the 
arc being replaced by a vacuum tube, but I have encoun- 
tered great difficulties in working with an exhausted tube. 

The other form of rare used in these and similar 
experiments is indicated in Figs. 6 and 7. It consists of a 
number of brass pieces c c (Fig. 6), each of which comprises 
a spherical middle portion m with an extension e below— 
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which is merely used to fasten the piece in a lathe when 
polishing up the discharging surface—and a column above, 
which consists of a knurled flange f surmounted by a 
threaded stem / carrying a nut nm, by means of which a 
wire is fastened to the column. The flange f conveniently 
serves for holding the brass piece when fastening the wire, 


1 W, and the four ends are led out of . 
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and also for turning ‘t in any position when it becomes 
necessary to present a fresh disharging surface. Two 
stout strips of hard rubber R R, with planed grooves g g 
(Fig. 7) to fit the middle portion of the piecesec, serve to 
clamp the latter and hold them firmly in position by means 
of two bolts C C (of which only one is shown) passing 
through the ends of the strips. 

In the use of this kind of discharger I have found three 
Lr advantages over the ordinary form. First, the 

ielectric strength of a given total width of air space is 
greater when a great many small air gaps are used instead 
of one, which permits of working with a smaller length of 
air gap, and that means smaller loss and less deterioration 
of the metal; secondly by reason of splitting the arc up 
into smaller arcs, the polished surfaces are made to last 
much longer; and, thirdly, the apparatus affords some 
gauge in the experiments. I usually set the pieces by 
putting between them sheets of uniform thickness at a cer- 
tain very small distance which is known from the experi- 
ments of Sir William Thomson to require a certain electro- 
motive force to be bridged by the spark. 

It should, of course, be remembered that the sparking 
distance is much diminished as the frequency is increased. 
By taking any number of spaces the experimenter has a 
rough idea of the electromotive force, and he finds it easier 
to repeat an experiment, as he has not the trouble of setting 
the knobs again and again. With thiskind of discharger 
I have been able to maintain an oscillating motion without 
any spark being visible with the naked eye between the 
knobs, and they would not show a very appreciable rise in 
temperature. This form of discharge also lends itself to 
many arrangements of condensers and circuits which are 
often very convenient and time-saving. I have used it 
preferably in a disposition similar to that indicated in Fig. 2, 
when the currents forming the arc are small. 

I may here mention that I have also used dischargers 
with single or multiple air gaps, in which the discharge 
surfaces were rotated with great speed. No particular 
advantage was, however, gained by this method, except 
in cases where the currents from the condenser were large 
and the keeping cool of the surfaces was necessary. and in 
cases when, the discharge not being oscillating of itself, the 
arc as soon as established was broken by the air current, 
thus starting the vibration at intervals in rapid succession. 
T have also used mechanical interrupters in many ways. To 
avoid the difficulties with fvicdionel couhatte, the preferred 
plan adopted was to establish the arc and rotate through it 
at great speed a rim of mica provided with many holes and 
fastened to a steel plate. It is understood, of course, that 
the employment of a magnet, air current, or other inter- 
rupter, produces an effect worth noticing, unless the self- 
induction, capacity and resistance are so related that there 
are oscillations set up upon each interruption. 

I will now endeavor to show you some of the most note- 
worthy of these discharge phenomena. 

I have stretched across the room two ordin cotton 
covered wires, each about 7 metres in length. ey are 
supported on insulating cords at a distance of about 30 
centimetres. I attach now to each of the terminals of the 
coil one of the wires and set the coil inaction. Upon turn- 
ing the lights off in the room you see the wires strongly 
illuminated by the streams issuing abundantly from their 

whole surface in spite of the cotton covering, which may 
even be very thick. When the experiment is performed 
under good conditions, the light from the wires is suffici- 
ently intense to allow distinguishing the objects in a room. 
To produce the best result it is, of course, necessary to ad- 
just cirefully the capacity of the jars, the arc between the 

nobs and the length of the wires. My experience is that 
calculation of the length of the wires leads, in such case, 

to no result whatever. The experimenter will do best to 
take the wires at the start very long, and then adjust by 
cutting off first long pieces, and then smaller and smaller 
ones as he approaches the right length. 

A convenient way is to use an oil condenser of very 
small capacity, consisting of two small adjustable metal 
plates, in connection ‘with this and similar experiments. 
n such case I take wires rather short and set at the be- 
ginning the condenser plates at maximum distance. If 
the streams for the wires increase kv approach of the 
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plates, the length of the wires is about right; if they dimin- 
ish the wires are too long for that frequency and potential. 
When a condenser is used in connection with experiments 
with such a coil, it should be an oil condenser by all means, 
as in using an air condenser considerable energy might be 
wasted. The wires leading to the plates in the oil should 
be very thin, heavily coated with some insulating com- 
pound, and neaviaee with aconducting covering—this pref- 
erably extending under the surface of the oil. The 
conducting cover should not be too near the terminals, 
or ends, of the wire, as a park would be apt to 
jump from the wire to it. he conducting coating 
is used to diminish the air losses, in virtue of its action as 
an electrostatic screen. As to the size of the vessel con- 
taining the oil, and the size of the plates, the experimenter 
gains at once an idea from a rough trial. The size of the 
plates in oil is, however, jaloulaiia. as the dielectric losses 
are very small. 
In the preceding experiment it isof considerable interest 
to know what relation the quantity of the light emitted 
bears to the frequency and potential of the electric im- 
pulses. My opinion is that the heat as well as light effects 
produced should be proportionate, under otherwise equal 
conditions of test, to the product of cee and square 
of potential, but the experimental verification of the law, 
whatever it may be, would be exceedingly difficult. One 
thing is certain, at any rate, and that is, that in augment- 
ing the potential and frequency we rapidly intensify the 
streams ; and, though it may be very sanguine, it is surely 
not altogether hopeless to expect that we may succeed in 
producing a practical illuminant on these lines. We would 
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then be simply using burners or flames, in which there 
would be no chemical process, no consumption of material. 
but merely a transfer of energy, and which would, in all 
probability emit more light and less heat than ordinary 
flames. 

The luminous intensity of the streams is, of course, con- 
siderably increased when they are focused upon a small 
surface. This may be shown by the following experiment : 

I attach to one of the terminals of the coil a wire w (Fig. 
8), bent in a circle of about 30 centimetres in diameter, and 
to the other terminal I fasten a small brass sphere s, the 
surface of the wire being preferably equal to the surface of 
the sphere, and the centre of the latter being in a 
line at right angles to the plane of the wire circle and pass- 
ing through its centre. When the discharge is established 
under proper conditions, a luminous hollow cone is formed, 
and in the dark one-half of the brass sphere is strongly 
illuminated, as shown in the cut. 

By some artifice or other, it is easy to concentrate the 
streams upon small surfaces and to produce very strong 
light effects. Two thin wires may thus be rendered in- 
tensely luminous, 

In order to intensify the streams the wires should be very 
thin and short ; but as in this case their capacity would be 
generally too small for the coil—at least, for such a one as 
the present—it is necessary to augment the capacity to the 
required value, while, at the same time, the surface of the 
wires remains very small. This may be done in many 
ways. 

Here, for instance, I have two plates, R R, of hard rub- 
ber (Fig. 9), upon which I have glued two very thin wires 
ww, so as to form a name. The wires may be bare or 
covered with the best insulation—it is immaterial for the 
success of the experiment. Well insulated wires, if any- 
thing, are preferable. On the back of each plate, 
indicated by the shaded portion, is a tinfoil coating 
tt. The plates are placed in line at a_ sufficient 
distance to prevent a spark passing from one to the 
other wire. The two tinfoil coatings I have joined by 
a conductor C, and the two wires I presently connect to 
the terminals of the coil. It is now easy, by varying the 
strength and frequency of the currents through the primary, 
to find a point at which the capacity of the system is best 
suited to the conditions, and the wires become so strongly 
luminous that, when the light in the room is turned off the 
name formed by them appears in brilliant letters. : 

It is perhaps preferable to perform this experiment with 
a coil operated from an alternator of high frequency, as 
then, owing to the harmonic rise and fall, the streams are 
very uniform, though they are less abundant than when 
produced with such a coil as the present. This experiment, 
however, may be performed with low frequencies, but 
much less satisfactorily. 

When two wires, attached to the terminals of the coil, 
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are set at the proper distance, the streams between them 
may be so intense as to produce a continuous luminous 
sheet. To show this phenomenon I have here two circles, 
Cande (Fig. 10), of rather stout wire, one being about 
80 centimetres and: the other 30 centimetres in diameter. 
To each of the terminals of the coil I attach one of the 
circles. The supporting wires are so bent that the circles 
may be placed in the same plane, coinciding as nearly as 
possible. When the light in the room is turned off and the 
coil set to work, you see the whole space between the 
wires uniformly filled with streams, forming a luminous 
disc, which could be seen from a considerable distance, such 
is the intensity of the streams. The outer circle could have 
been much larger than the present one; in fact, with this 
coil I have used much larger circles, and I have been able 
to produce a strongly luminous sheet, covering an area of 
more than one square metre, which is a remarkable effect 
with this very small coil. To avoid uncertainty, the circle 
has been taken smaller, and the area is now about 0.43 
square metre. 

The frequency of the vibration, and the quickness of 
succession of the sparks between the knobs, affect toa 
marked degree the appearance of the streams. When the 
frequency is very low, the air gives way in more or less 
the same manner, as by a steady difference of potential, 
and the streams consist of distinct threads, generally 
mingled with thin sparks, which probably correspond to the 
successive discharges occurring between the knobs. But 
when the frequency is extremely high, and the arc of the 
discharge produces a very /oud but smooth sound—showing 
both that oscillation takes place and that the sparks succeed 
each other with great paantiey-dhhaen the luminous streams 
formed are perfectly uniform. To reach this result very 
small coils and jars of small capacity should be used. J 
take two tubes of thick Bohemian glass, about 5 centi- 
metres in diameter and 20 centimetres long. In each of 
the tubes I slip a primary of very thick copper wire. On 
the top of each tube I wind a secondary of much 
thinner gutta-percha covered wire. The two secondaries 
[ connect in series, the primaries preferably in multiple 
are. The tubes are then placed in a large glass vessel, at 
a distance of 10 to 15 centimetres from each other, on in- 
sulating supports, and the vessel is filled with boiled-out 
oil, the oil reaching about an inch above the tubes. The 
free ends of the secondary are lifted out of the oil and 
placed parallel to each other at a distance of about 10 cen- 
timetres. The ends which are scraped should be dipped in 
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the oil, Two four-pint jars joined in series may be used to 
discharge through the primary. When the necessary ad- 
justments in the length and distance of the wires above the 
oil and in the arc of discharge are made, a luminous sheet 
is produced between the wires which is perfectly smooth 
and textureless, like the ordinary diechiate through a 
moderately exhausted tube. 

I have purposely dwelt upon this apparently insignificant 
experiment. In trials of this kind the experimenter arrives 
at the startling conclusion that, to pass ordinary luminous 
discharges through gases, no particular degree of exhaus- 
tion is needed, but that the gas may be at ordinary or even 
greater pressure. To accomplish this, a very high fre- 
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quency is essential; a high potential is likewise required, 
but this is a merely incidental necessity. These experi- 
ments teach us that, in endeavoring to discover novel 
methods of producing light by the agitation of atoms, or 
molecules, of a gas, we need not limit our research to the 
vacuum tube, but may look forward quite seriously to the 
possibility of obtaining the light effects without the use of 
any vessel whatever, with air at ordinary pressure. 

Such discharges of very high frequency. which render 
luminous the air at ordinary pressures, we have probably 
often occasion to witness in Nature. I have no doubt that 
if, as many believe, the aurora borealis is produced by 
sudden cosmic disturbances, such as eruptions at the sun’s 
surface, which set the electrostatic charge of the earth in an 
extremely rapid vibration, the red glow observed is not con- 
fined to the upper rarefied strata of the air, but the dis- 
charge traverses, by reason of its very high frequency, also 
the dense atmosphere in the form of a glow, such as we or- 
diuarily produce in a slightly exhausted tube. If the fre- 
quency were very low, or even more so, if the charge were 
not at all vibrating, the dense air would break down as in 
a lightning discharge. Indications of such breaking down 
of the lower dense strata of the air have been repeatedly 
observed at the occurrence of this marvelous phenom- 
enon ; but if it does occur, it can only be attributed to the 
fundamental disturbances, which are few in number, for 
the vibration produced by them would be far too rapid to 
allow a disruptive break. It is the original and irregular 
impulses which affect the instruments ; the superimposed 
vibrations probably pass unnoticed. 

When an ordinary low frequency discharge is passed 
through moderately rarefied air, the air assumes a purplish 
hue. If by some means or other we increase the intensity 
of the molecular, or atomic, vibration, the gas changes to 
a white color. A similar change occurs at ordinary press- 
ures with electric impulses of very high frequency. If the 
molecules of the air around a wire are moderately agitated, 
the brush formed is reddish or violet; if the vibration is 
rendered sufficiently intense, the streams become white. 
We may accomplish this in various ways. In the experi- 
ment before shown with the two wires across the room, I 
have endeavored tosecure the result by pushing to a high 
value both the frequency and potential ; in the experiment 
with the thin wires glued on the rubber plate I have con- 
centrated the action upon a very small surface—in other 
words, I have worked with a great electric density. 

A most curious form of discharge is observed with such 
a coil when the frequency and potential are pushed to the 
extreme limit. To perform the experiment, every part of 
the coil should be heavily insulated, and only two small 
spheres—or, better stil], two sharp-edged metal discs (d d, 
Fig. 11) of no more than a few centimetres in diameter— 
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should be exposed to the air. The coil here used is immersed 
in oil, and the ends of the secondary reaching out of the 
oil are covered with an air-tight cover of hard rubber of 
great thickness. All cracks, if there are any, should be 
carefully stopped up, so that the brush discharge cannot 
form anywhere except on the small spheres or plates 
which are exposed to the air. In this case, since there are 
no large plates or other bodies of capacity attached to the 
terminals, the coil is capable of an extremely rapid 
vibration. The potential may be raised by increasing, 
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as far as the experimenter judges proper, the rate 
of change of the primary current. With a coil not widely 
differing from the present, it is best to connect the two pri- 
maries in multiple arc; but if the secondary should have 
a much greater number of turns the primaries should pref- 
erably be used in series, as otherwise the vibration might 
be too fast for the secondary. It occurs under these con- 
ditions that misty white streams break forth from the 
edges of the discs and spread out phantom-like into space. 
With this coil, when fairly well produced, they are about 
25 to 30 centimetres long. When the hand is held against 
them no sensation is produced, and a spark, causing a 
shock, jumps from the terminal only upon the hand being 
brought much nearer. If the oscillation of the primary 
current is rendered intermittent by some means or other, 
there is a corresponding throbbing of the streams, and now 
the hand or other conducting object may be brought in 
still greater proximity to the terminal without a spark 
being caused to jump. 

Ameng the many beautiful phenomena which .may be 
produced with such a coil I have here selected only those 
which appear to possess some features of novelty, and lead 
us to some conclusions of interest. One will not find it at 
all difficult to produce in the laboratory, by means of it, 
many other phenomena which appeal to the eye even more 
than these here shown, but present_no particular feature of 
novelty. 

Early experimenters describe the display of sparks pro- 
duced by an ordinary large induction coil upon an insulat- 
ing plate separating the terminals. Quite recently Siemens 
performed some experiments in which fine effects were ob- 
tained, which were seen by many with interest. No doubt 
large coils, even if operated with currents of low frequen- 
cies, are capable of producing beautiful effects. But the 
largest coil ever made could not, by far, equal the magnifi- 
cent display of streams and sparks obtained from such a 
disruptive discharge coil when properly adjusted. To give 
an idea, a coil such as the present one will cover easily a 
plate of 1 metre in diameter completely with the streams. 
The best way to perform such experiments is to take a very 
thiu rubber or a glass plate and glue on one side of it anar- 
row ring of tinfoil of very large diameter, and on the uvther 
a circular washer, the centre of the latter ——— with 
that of the ring, and the surfaces of both being preferably 
equal, so as to keep the coil well balanced. The washer and 
ring should be connected to the terminals by heavily insu- 
lated thin wires. It is easy in observing the effect of the 
copay to produce a sheet of uniform streams, or a fine 
network of thin silvery threads, or a mass of loud brilliant 
sparks, which completely cover the plate. 

Since I have advanced the idea of the conversion by 
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means of the disruptive discharge, in my paper before the 
American Institute of Electrical Engineers at the begin- 
ning of the past year, the interest excited in it has been 
considerable. It affords us a means for producing any po- 
tentials by the aid of inexpensive coils operated from or- 
dinary systems of distribution, and—what is perhaps more 
appreciated—it enables us to convert currents of any fre- 
quency into currents of any other lower or higher fre- 
quency. But its chief value will peers be found in the 
help which it will afford us in the investigations of the 
phenomena of phosphorescence, which a disruptive dis- 
charge coil is capable of exciting in innumerable cases 
where ordinary coils, even the largest, would utterly fail. 

Considering its probable uses for many practical pur- 
poses, and its possible introduction into Rapatavion for 
scientific research, a few additional remarks as to the con- 
struction of such a coil will perhaps not be found super- 
fluous. 

It is, of course, absolutely necessary to employ in such a 
coil wires provided with the best insulation. 

Good coils may be produced by employing wires covered 
with several layers of cotton, boiling the coil a long time in 
pure wax, and cooling under moderate pressure. The ad- 
vantage of such a coil is that it can be easily handled, but 
it cannot probably give as satisfactory results as a coil im- 
mersed in pure oil, Besides, it seems that the presence of 
a large body of wax affects the coil disadvantageously, 
whereas this does not seem to be the case with oil. Per- 
haps it is because the dielectric losses in the liquid are 
smaller. 

I have tried at first silk and cotton covered wires with 
oil immersion, but I have been gradually led to use gutta- 
percha covered wires, which proved most satisfactory. 
Gutta-percha insulation adds, of course, to the capacity of 
the coil, and this, especially if the coil be large, is a great 
disadvantage when extreme frequencies are desired ; but, 
on the other hand, gutta-percha will withstand much more 
than an equal thickness of oil, and this advantage should 
be sec at any price. Once the coil has been immersed, 
it should never be taken out of the oil for more than a few 
hours, else the gutta-percha will crack up and the coil will 
not be worth half as much as before. Gutta-percha is prob- 
ably slowly attacked by the oil, but after an immersion of 
ig t to nine months I have found no ill effects. 

have obtained in commerce two kinds of gutta-percha 
wire: in one the insulation sticks tightly to the metal, in 
the other it does not. Unless a special method is followed 
to expel all air, it is much safer to use the first kind. I 
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wind the coil within an oil tank so that all interstices are 
filled up with the vil. Between the layers I use cloth boiled 
out thoroughly in oil, calculating the thickness according 
to the difference of potential between the turns. There 
seems not to be a very great difference whatever kind of 
oil is used ; I use paraffine or linseed oil. 

To exclude more perfectly the air. an excellent way to 

roceed, and easily practicable with small coils, is the fol- 
foobes : Construct a box of hard wood of very thick boards 
which have been for a long time boiled in oil. The boards 
should be so joined as to safely withstand the external air 
pressure. The coil being placed and fastened in position 
within the box, the latter is closed with a strong lid, and 
covered with closely fitting metal sheets, the joints of which 
are soldered very carefully. On the oo? two small holes 
are drilled, passing through the metal sheet ana the wood, 
and in these holes two small glass tubes are inserted and 
the joints made air-tight. One of the tubes is connected to 
a vacuum pump, and the other with a vessel containing a 
sufficient quantity of boiled-out oil. The latter tube has a 
very small hole at the bottom, and is provided with a stop- 
cock. “ When a fairly good vacuum has been obtained, the 
stopcock is opened and the oil slowly fed in. Proceeding 
in this manner, it is impossible that any big bubbles, which 
are the principal danger, should remain between the turns, 
The air is most completely excluded, probably better than 
by boiling out, which, however, when gutta-percha coated 
wires are used, is not practicable. 

For the primaries I use ordinary line wire with a thick 
cotton coating. Strands of very thin insulated wires 
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properly interlaced would, of course, be the best to 
employ for the primaries, but they are not to be had. 

In an experimental coil the size of the wires is not of 
great importance. In the coil here used the primary is No. 
12 and the secondary No. 24 Brown & Sharpe gauge wire ; 
but the sections may be varied considerably. It would only 
imply different adjustments ; the results aimed at would 
not be materially affected. 

[ have dwelt at some length upon the various forms of 
brush discharge because, in studying them, we not only ob- 
serve phenomena which please our eye, but also afford us 
food for thought, and lead us to conclusions of practical 
importance. In the use of alternating currents of very high 
tension, too much precaution cannot be taken to prevent 
the brush discharge. In amain conveying such currents. 
in an induction coil or transformer, or in a condeuser, the 
brush discharge is asource of great danger to the insulation. 
In a condenser especially the gaseous matter must be most 
carefully expelled, for in it the charged surfaces are near 
each other, and if the potentials are high, just as sure as a 
weight will fall if let go, sothe insulation will give way if a 
single gaseous bubble of some size be present, whereas, 
if all gaseous matter were carefully excluded, the 
condenser would safely withstand a much higher 
difference of potential. A main conveying alternating 
currents of very high tension may be injured merely by a 
blowhole or small crack in the insulation, the more so as a 
blowhole is apt to contain gas at low pressure; and as it 
appears almost impossible to completely obviate such little 
imperfections, I am led to believe that in our future distri- 
bution of electrical energy by currents of very high ten- 
sion liquid insulation will be ysed. The cost is a great 
drawback, but if we employ an oil as an insulator the dis- 
tribution of electrical energy with something like 100,000 
volts, and even more, become, at least with higher frequen- 
cies, so easy that they could be hardly called engineering 
feats. With oil insulation and alternate current motors 
transmissions of power can be effected with safety and 
upon an industrial basis at distances of as much asa thou- 
sand miles. 

A peculiar property of oils, and liquid insulation in gen- 
eral, when subjected to rapidly changing electric stresses, 
is to disperse any gaseous bubbles which may be present, 
and diffuse them through its mass, generally long before 
any injurious break can occur. This feature may be easily 
observed with an ordinary induction coil by taking the 
primary out, plugging up the end of the tube upon which 
the secondary is wound, and filling it with some fairly 
transparent insulator, such as paraftine oil. A primary of 
a diameter something like six millimetres smaller than the 
inside of the tube may be inserted in the oil When the 
coil is set to work one may see, looking from the top 
through the oil, many luminous points—air bubbles which 
are caught by inserting the primary, and which are ren- 
dered luminous in consequence of the violent bombard- 
ment. The occluded air, by its impact against the oil, hcats 
it; the oil begins to circulate, carrying some of the air 
along with it, until the bubbles are dispersed and the 
luminous points disappear. In this manner, unless large 
bubbles are occluded in such way that circulation is ren- 
dered impossible, a damaging break is averted, the only 
effect being a moderate warming up of the oil. If, instead 
of the liquid, a solid insulation, no matter how thick, were 
used, a breaking through and injury of the apparatus would 
be inevitable. 
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The exclusion of gaseous matter from any apparatus in 
which the dielectric is subjected to more or Sn rapidly 
changing electric forces is, however, not only desirable in 
order to avoid a possible injury of the apparatus, but also on 
account of economy. In a condenser, forinstance, as long 
as only a solid or only a liquid dielectric is used, the loss is 
small; but if a gas under ordinary or small pressure be 
present the loss may be ve reat. Whatever the nature 
of the force acting in the Matinic. may be, it seems that 
in a solid or liquid the molecular displacement produced by 
the force is small : hence the product of force and displace- 
ment is insignificant, unless the force be very great ; but 
in a gas the displacement, and therefore this product, is 
considerable ; the molecules are free to move, they reach 
high speeds, and the energy of their impact is lost in heat 
or otherwise. If the gas be strongly compressed, the dis- 
placement due to the force is made smaller, and the losses 
are reduced. 

In most of the succeeding experiments I prefer, chiefly 
on account of the regular and positive action, to employ 
the alternator before referred to. This is one of the sev- 
eral machines constructed by me for the purposes of these 
investigations. It has 384 pole projections, and is capable 
of giving currents of a frequency of about 10,000 per sec- 
ond, This machine has been illustrated and briefly de- 
scribed in my first paper before the American Institute of 
Electrical Engineers, May 20, 1891, to which I have already 
referred. A more detailed description, sufficient to enable 
any engineer to build a similar machine, will be found in 
several electrical journals of that period. 

The induction coils operated from the machine are rather 
small, containing from 5,000 to 15,000 turns in the second- 
ary. They are immersed in boiled-out linseed oil, con- 
tained in wooden boxes covered with zinc sheet. 

I have found it advantageous to reverse the usual posi- 
tion of the wires, and to wind, in these coils, the primaries 
on the top; this allowing the use of a much bigger primary, 
which, of course, reduces the danger of overheating and 
increases the output of the coil. I make the primary on 
each side at least one centimetre shorter than the secondary, 
to prevent the breaking through on the ends, which would 
surely occur unless the insulation on the top of the second- 
ary be very thick, and this, of course, would be disadvan- 
tag ous. 

When the primary is made movable, which is necessary 
in some experiments, and many times convenient for the 
purposes of adjustment, I cover the secondary with wax, 
and turn it off in a lathe toa diameter slightly smaller 
than the inside of the primary coil. The latter I provide 
with a handle reaching out of the oil, which serves to shift 
i; in any pssition along the secondary. 

I will now venture to make, in regard to the general 
manipulation of induction coils, a few observations bear- 
ing upon points which have not been fully appreciated in 
earlier experiments with such coils, and are even now often 
overlooked. 

The secondary of the coil possesses usually such a high 
se!f-induction that the current through the wire is inap- 
preciable, and may be so even when the terminals are 
joined by a conductor of small resistance, If capacity is 
a lded to the terminals, the self-induction is counteracted, 
and a stronger current is made to flow through the second- 
ary, though its terminals are insulated from each other. 
To one entirely unacquainted with the properties of alter- 
nating currents nothing will look more puzzling. This 
feature was illustrated in the experiment performed at the 
beginning with the top plates of wire gauze attached to the 
terminals and the rubber plate. When the plates of wire 
gauze were Close together, and a small arc passed between 
them, the arc prevented a strong current from passing 
through thesecondary, because it did away with the capacity 
on the terminals; when the rubber plate was inserted be- 
tween, the capacity of the condenser formed counteracted 
the self-induction of the secondary, a stronger current 
passed now, the coil performed more work, and the dis- 
charge was by far more powerful. 

The first thing, then, in operating the induction coil is to 
combine capacity with the secondary to overcome the 
self-induction. If the frequencies and potentials are very 
high gaseous matter should be carefully kept away from 
the charged surfaces. If Leyden jars are an they should 
be immersed in oil, as otherwise considerable dissipation 
may occur if the jars are greatly strained. When high 





Fig. 14.—ForMs AND PHASES OF THE ROTATING Brus. 


frequencies are used, it is of equal importance to combine 
a condenser with the primary. One may usé a condenser 
connected to the ends of the primary or to the terminals of 
the alternator, but the latter is not to be recommended, as 
the machine might be injured. The best way is undoubt- 
edly to use the condenser in series with the primary and 
with the alternator, and to adjust its capacity so as to an- 
pul the self-induction of both the latter. The condenser 
should be adjustable by very small steps, and for a finer 
adjustment a small oil condenser with movable plates may 
be used conveniently. 

I think it best at this juncture to bring before you a phe- 
nomenon, observed by me some time ago, which to the 
purely scientific investigator may perhaps appear more in- 
teresting than any of the results which I have the privilege 
to present to you this evening. 

It may be quite properly ranked among the brush phe- 
nomena—in fact, it is a brush, formed at, or near, a single 
terminal in high vacuum. 

In bulbs provided with a conducting terminal, though it 
be of aluminium, the brush has but an ephemeral existence, 
and cannot, unfortunately, be indefinitely preserved in its 
most sensitive state, even in a bulb devoid of any conduct- 
ing electrode. In studying the phenomenon, by all means 
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a bulb having no leading-in wire should be used. I have 
found it best to use bulbs constructed as indicated in Figs. 
12 and 13. 

In Fig. 12 the bulb comprises an incandescent lamp globe 
L, in the neck of which is sealed a barometer tube 6, the 
end of which is blown out to form a small sphere s. This 
sphere should be sealed as closely as possible in the centre 
of the large globe. Before sealing, a thin tube ¢, of alu- 
minium sheet, may be slipped im the barou.eter tube, but it 
is not important to employ it. 

The small hollow sphere s is filled with some conducting 
powder, and a wire w is cemented in the neck for the pur- 
pose of connecting the conducting powder with the gen- 
erator. 

The construction shown in Fig. 13 was chosen in order to 
remove from the brush any conducting body which might 
possibly affect it. The bulb consists in this case of a lamp 
globe L, which has a neck n, provided with a tube b and 
small sphere s, sealed to it, so that two entirely independ- 
ent compartments are formed, as indicated in the drawing. 
When the bulb is in use, the neck n is provided with a tin- 
foil coating, which is connected to the generator and acts 
inductively upon the moderately rarefied and highly con- 
ducting gas inclosed in the neck. From there the current 
yasses through the tube b into the small sphere s, to act by 
induction upon the gas contained in the globe L. 

It is of advantage to make the tube ¢ very thick, the hole 
through it very small, and to blow the sphere s very thin. 
It is of the greatest importance that the sphere s be placed 
in the centre of the globe L. : 

Figs. 14, 15 and 16 indicate different forms, or stages, of 
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the brush. Fig. 14 shows the brush as it first appears in a 
bulb pens with a conducting terminal ; but, as in such 
a bulb it very soon disappears—often after a few minutes—I 
will confine myself to the description of the phenomenon 
as seen ina bulb without conducting electrode. It is ob- 
served under the following conditions : 

When the globe L (Figs. 12 and 13) is exhausted to a 
very high degree, generally the bulb is not excited upon 
connecting the wire w (Fig. 12) or the tinfoil coating of the 
bulb (Fig. 13) to the terminal of the induction coil. To ex- 
cite it, it is usually sufficient to grasp the globe L with the 
hand. An intense phosphorescence then spreads at first 
over the globe, but soon gives place to a white, misty light. 
Shortly afterward one may notice that the luminosity is un- 
evenly distributed in the globe, and after passing the cur- 
rent for some time the bulb appears as in Fig. 15. From 
this stage the phenomenon will gradually pass to that in- 
dicated in Fig. 16, after some minutes, hours, days or 
weeks, according as the bulb is worked. Warming the 
bulb or increasing the potential hastens the transit. 

When the brush assumes the form indicated in Fig. 16, 
it may be brought to a state of extreme sensitiveness to 
electrostatic and magnetic influence. The. bulb hanging 
straight down from a wire, and all objects being remote 
from it, the approach of the observer at a few paces from 
the bulb will cause the brush to fly to th opposite side, 
and if he walks around the bulb it will always keep on the 
opposite side. It may begin to spin around the terminal 
long before it reaches that sensitive stage. Wien it begins 
to turn around principally, but also before, it is affected by 
a magnet, and at a certain stage it is susceptible to mag- 
netic influence to an astonishing degree. A small perma- 
nent magnet, with its poles at a distance of no more than 
two centimetres, will affect it visibly at a distance of two 
metres, slowing down or accelerating the rotation accord- 
ing to how it is held relatively to the brush. I think I 
have observed that at the stage when it is most sensitive to 
magnetic, it is not most sensitive to electrostatic, influence. 
My explanation is, that the electrostatic attraction between 
the brush and the glass of the bulb, which retards the rota- 
tion, grows much quicker than the magnetic influence 
when the intensity of the stream is increased. 

When the bulb hangs with the globe ZL down, the rota- 
tion is always clockwise. In the southern hemisphere it 
would occur in the opposite direction and on the equator 
the brush should not turn at all. ‘The rotation may be re- 
versed by a magnet kept at some distance. The brush ro- 
tates best, seemingly, when it is at right angles to the lines 
of force of the earth. It very likely rotates, when at its 
maximum speed, in synchronism with the alvernations, say 
10,000 times a econd. The rotation can be slowed down or 
accelerated by the approach or receding of the observer, or 
any conducting body, but it cannot be reversed by putting 
the bulbin any position. When it is in the state of the 
highest sensitiveness and the potential or frequency be 
varied the sensitiveness is rapidly diminished. Chang- 
ing either of these but little will generally stop the rotation. 
The sensitiveness is likewise affected by the variations of 
temperature. To attain great sensitiveness it is necessary 
to have thesmall] spheres in the centre of the globe L, as 
otherwise the electrostatic action of the glass of the globe 
will tend to - the rotation. The sphere s should be 
small and of uniform thickness ; any dissymmetry of course 
has the effect to diminish the sensitiveness. 

The fact that the brush rotates in a definite direction in 


pt tome 


- oS 








May 7, 1892, 


a permanent magnetic field seems to show that in alternat- 
ing currents of very high frequency the positive and nega- 
tive impulses are not equal, but that one always preponder- 
ates over the other. 

Of course, this rotation in one direction may be due to 
the action of two elements of the same current upon each 
other, or to the action of the field produced by one of the 
elements upon the other, as in a series motor, without nec- 
essarily one impulse being stronger than the other. The 
fact that the brush turns, as far as I could observe, in any 
position, would speak for this view. In such case it would 
turn at any point of the earth’s surface. But, on the other 
hand, it is then hard to explain why a- permanent magnet 
should reverse the rotation, and one must assume the pre- 
ponderance of impulses of one kind. 

As to the causes of the formation of the brush or stream, 
I think it is due to the electrostatic action of the globe and 
the dissymmetry of the parts. If thesmall bulb s and the 
globe L were perfect concentric spheres, and the glass 
throughout of the same thickness and quality, J think the 
brush would not form, as the tendency to pass would be 
equal on all sides. That the formation of the stream is due 
to an irregularity is apparent from the fact that it has the 
tendency to remain in one position, and rotation occurs 
most generally only when it is brought out of this position 
by electrostatic or magnetic influence. When in an ex- 
tremely sensitive state it rests in one position, most curious 
experiments may be performed with it. For instance, the 
experimenter may, by selecting a proper position, approach 
the hand at a certain considerable distance to the bulb, and 
he may cause the brush to pass off by merely stiffening the 
muscles of the arm. When it begins to rotate slowly, and 
the hands are held at a proper distance, it is impossible to 
make even the slightest motion without producing a visible 
effect upon the brush. A metal plate connected to the other 
terminal of the coil affects it at a great distance. slowing 
down the rotation often to one turn a second. 

Iam firmly convinced that such a brush, when we learn 
how to produce it properly, will prove a valuable aid in the 
investigation of the nature of the forces acting in an elec- 
trostatic or magnetic field. If there is any motion which 
is measurable going on in the space, such a brush ought to 
reveal it. It is, so to speak, a beam of light, frictionless, 
devoid of inertia. 

I think that it may find practical applications in telegra- 
phy. With such a brush it would be possible to send 
dispatches across the Atlantic, for instance, with any speed, 
since its sensitiveness may beso great that the slightest 
changes will affect it. If it were possible to make the 
stream more intense and very narrow, its deflections could 
be easily photographed. 

I have been interested to find whether there is a rotation 
of the stream itself, or whether there is simply a stress 
traveling around in the bulb. For this purpose I mounted 
a light mica fan so that its vanes were in the path of the 
brush. If the stream itself was rotating the fan would be 
spun around. I could produce no distinct rotation of the 
fan, although I tried the experiment repeatedly: but as the 
tan exerted a noticeable influence on the stream, and the 
apparent rotation of the latter was, in this case, never quite 
satisfactory, the experiment did not appear to be conclusive. 

I have been unable to produce the phenomenon with the 
disruptive discharge coil, although every other of these 
phenomena can be well produced by it—many, in fact. 
much better than with coils operated from an alternator. 

It may be possible to produce the brush by impulses of 
one direction, or even by a steady potential, in which case 
it would be still more sensitive to magnetic influence. 

In operating an induction coil with rapidly alternating 
currents, we realize with astonishment, for the first time, 
the great importance of the relation of capacity. self-in- 
duction and frequency as regards the general result. The 
effects of capacity are the most striking, for in these exper- 
iments, since the self-induction and frequency both are 
high, the critical capacity is very small, and need be but 
slightly varied to produce a very considerable change. The 
experimenter may bring his body in contact with the ter- 
minals of the secondary of the coil, er attach to one or both 
terminals insulated bodies of very small bulk, such as bulbs, 
and he may produce a considerable rise or fall of potential, 
and greatly affect the flow of the current through the pri- 
mary. In the experiment before shown, in which a brush 
appears at a wire attached to one terminal, and the wire is 
vibrated when the experimenter brings his insulated body 
in contact with the other terminal of the coil, the sudden 
rise of potential was made evident. 

I may show you the behavior of the coil in another man- 
ner which possesses a feature of some interest. I have here 
a little light fan of aluminium sheet, fastened to a needle 
and arranged to rotate freely in a metal piece screwed to 
one of the terminals of the coil. When tbe coil is set to 
work, the molecules of the air are rhythmically attracted 
and repelled. Asthe force with which they are repelled is 
greater than that with which they are attracted, it results 
that there is a repulsion exerted on the surfaces of the fan. 
If the fan were made simply of a metal sheet, the repulsion 
would be equa! on the opposite sides, and would produce no 
effect. But if one of the opposing surfaces is screened, or 
if, generally speaking, the bombardment on this side is 
weakened in some way or other, there remains the repul- 
sion exerted upon the other, and the fan is set in rotation. 
The screening is best effected by fastening upon one of the op- 
posing sides of the fan insulated conducting coatings, or, if 
the fan is made in the shape of an ordinary propeller screw. 
by fastening on one side, and close toit, an insulated metal 
plate. The static screen may, however, be omitted, and 
simply a thickness of insulating material fastened to one of 
the sides of the fan. 

To show the behavior of the coil, the fan may be placed 
upon the terminal and it will readily rotate when the coil 
is operated by currents of very high frequency. With a 
steady potential, of course, and even with alternating cur- 
rents of very low frequency, it would not turn, because of 
the very slow exchange of air and, consequently, smaller 
bombardment; hut in the latter case it might turn if the 
potential were excessive. With a pin wheel, quite the op- 
posite rule holds good ; it rotates best with a steady poten- 
tial, and the effort is the smaller the higher the frequency. 
Now, it is very easy to adjust the conditions so that the 
potential is normally not sufficient to turn the fan, but 
that by connecting the other terminal of the coil with an 
insulated body it rises to a much greater value, so as to 
rotate the fan, and it is likewise possible to stop the rota- 
tion by connecting to the terminal a body of different 
size, thereby diminishing the potential. 

Instead of using the fan in this experiment, we may use 
the ‘‘electric” radiometer with similar effect. But in this 
case it will be found that the vanes will rotate only at high 
exhaustion or at ordinary pressures; they will not rotate at 
moderate pressures, when the air is highly conducting. 
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This curious observation was made conjointly by Professor 
Crookes and myself. I attribute the result to the high con- 
ductivity of the air, the molecules of which then do not 
act as independent carriers of electric charges, but act all 
together asa single conducting body. In such case, of 
course, ifthere is any repulsion at all of the molecules 
from the vanes, it must be very small. It is possible, how- 
ever, that the result is in part due to the fact that the 
greater part of the discharge passes from the Jeading-in 
wire through che highly conducting gas, instead of pass- 
ing off trom the conducting vanes. 

n trying the preceding experiment with the electric 
radiometer the potential should not exceed a certain limit, 
as then the electrostatic attraction between the vanes and 
the glass of the bulb may be so great as to stop the rota- 
tation. 

A most curious feature of alternate currents of high fre- 
quencies and potentials is that they enable us to perform 
many experiments by the use of one wire only. In many 
respects this feature is of great interest. 

In a type cf alternate current motor invented by me some 
years ago I produced rotation by inducing, by means of a 
single alternating current passed through a motor circuit, 
in the mass or other circuits of the motor, secondary cur- 
rents, which, jointly with the primary or inducing current, 
created a moving field of force. A simple but crude form 
of such a motor is obtained by winding upon an iron core a 
primary, and close to it a secondary coil, joining the ends 
of the latter and placing a freely movable metal disc 
within the influence of the field produced by both. The 
iron core is employed for obvious reasons, but it is not es- 
sential to the operation. To improve the motor, the iron 
core is made to encircle the armature. Again to improve, 
the secondary coil is made to overlap partly the primary, so 
that it cannot free itself from a strong inductive action of 
the latter, repel its lines as ‘it may. Once more to im- 
prove, the proper difference of phase is obtained between 
the primary and secondary currents by a condenser, self- 
induction, resistance or equivalent windings. 

I had discovered, however, that rotation is produced by 
means of a single coil and core; my explanation of the 
phenomenon, and leading thought in trying the experi- 
ment, being that there must be a true time lag in the mag- 
netization of the core. I remember the pleasure I had when, 
in the writings of Professor Ayrton, which came later to 
my hand, I found the idea of the time lag advocated. 
Whether there is a true time lag, or whether the retarda- 
tion is due to eddy currents circulating in minute paths, 
must remain an open question, but the fact is that a coil 
wound upon an iron cere and traversed by an alternating 
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Fra. 17.—SINGLE WIRE AND “ No-WIRE” Moror. 


current creates a moving field of force, capable of setting 
an armature in rotation. It is of some interest, in conjunc- 
tion with the historical Arago experiment, to mention that 
in lag or phase motors I have th ston rotation in the oppo- 
site direction to the moving field, which means that in that 
experiment the magnet may not rotate, or may even rotate 
in the opposite direction tothe moving disc. Here, then, is 
a motor (diagrammatically illustrated in Fig. 17), compris- 
ing a coil and iron core, and a freely movable copper 
disc in proximity to the latter. 

To demonstrate a novel and interesting feature, I have, 
for a reason which I will explain, selected this type of 
motor. When the ends of the coil are connected to the 
terminals of an alternator the disc is set in rotation. But 
it is not this experiment, now well known, which I desire 
to perform. What I wish to show you is that this motor 
rotates with one single connection between it and the gen- 
erator; that is tosay, one terminal of the motor is connected 
to one terminal of the generator—in this case the secondary 
of a high-tension induction coil—the other terminals of 
motor and generator being insulatedin space. To produce 
rotation it is generally (but not absolutely) necessary to 
connect the free end of the motor coil to an insulated body 
of some size. The experimenter’s body is more than sufti- 
cient. If he touches the free terminal with an object 
held in the hand, a current passes through the 
coil and the copper disc is set in rotation. If an 
exhausted tube is put in series with the coil, the tube 
lights brilliantly, showing the passage of a strong cur- 
rent. Instead of the experimenter’s body, a_ small 
metal sheet suspended on a cord may be used with the 
same result. In this case the plate acts as a condenser in 
series with the coil. It counteracts the self-induction of 
the latter and allows a strong current to pass. In sucha 
combination, the greater the self-induction of the coil the 
smaller need be the plate, and this means that a lower fre- 
quency, or eventually a lower potential, is required to 
operate the motor. * A single coil wound upon a core has a 
high self-induction; fur this reason principally, this type of 
motor was chosen to perform the experiment. Were a sec- 
ondary closed coil wound upon the core, it would tend to 
diminish the self-induction, and then it would be necessary 
to employ a much higher frequency and potential. Neither 
would be advisable, for a higher potential would endanger 
the insulation of the small primary coil, and a higher fre- 
quency would result in a materially diminished torque. 

It should be remarked that when such a motor with a 
closed secondary is used, it is not at all easy to obtain rota- 
tion with excessive frequencies, as the secondary cuts off 
almost completely the lines of the primary—and this, of 
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course, the more, the higher the frequency—and allows the 
passage of but a minute current. In such a case, unless the 
secondary is closed through a condenser, it is almost essen- 
tial, in order to produce rotation, to make the primary and 
secondary coils overlap each other more or less. 

But there is an additional feature of interest about this 
mo‘or, namely, it is, not necessary to have even a single 
connection between the motor and generator, except, per- 
haps, through the ground; for not only is an insulated plate 
capable of giving off energy into space, but it is likewise 
are of deriving it from an alternating electrostatic 
field, though in the latter case the available energy is much 
smaller. In thisinstance one of the motor terminals is con- 
nected to the insulated plate or body located within the al- 
ternating electrostatic field. and the other terminal prefer- 
ably to the ground. 

It is quite possible, however, that such ‘‘no-wire” motors, 

as they might be called, could be operated by conduction 
through the rarefied air at considerable distances. Alter- 
nate currents, especially of high frequencies, pass with as- 
tonishing freedom through even slightly rarefied gases. 
The upper strata of the air are rarefied. 'l'o reach’ number 
of miles out into space requires the overcoming of difficul- 
ties of a merely mechanical nature. There is no doubt that 
with the enormous potentials obtainable by the use of high 
frequencies and oil imsulation luminous discharges might 
be passed through many miles of rarefied air, and that, by 
thus directing the energy of many hundreds or thousands 
of horse-power, motors or lamps might be operated at con- 
siderable distances from stationary sources. But such 
schemes are mentioned merely as_ possibilities. We shall 
have noneed to transmit power in this way. We shall 
have no need to transmit power at all. Ere many genera- 
tions pass, our machinery will be driven by a power ob- 
tainable at any point of -the universe. This idea is 
not novel. Men have been led to it long ago by instinct 
or reason. It has been expressed in many ways, and in 
many places, in the history of old and new. We find it in 
the delightful myth of Antheus, who derives power 
from the earth; we find it among the subtile speculations 
of one of your splendid mathematicians, and in many 
hints and statements of thinkers of the present time. 
Throughout space there is energy. Is this energy static 
or kinetic? If static our hopes are in vain; if kinetic- 
-and this we know it is, for certain—then it is a mere ques- 
tion of time when men will succeed in attaching their 
machinery to the very wheelwork of nature. Of all, liv- 
ing or dead, Crookes came nearest to dcing it. His radi- 
ometer will turn in the light of day and in the darkness 
of the night; it will turn everywhere where there is heat, 
and heat is, everywhere. But, unfortunately, this beauti- 
ful little machine, while it goes down to posterity as the 
most interesting, must likewise be put on record as the 
most inefficient machine ever invented! 
_ The preceding experiment is only one of many equally 
interesting experiments which may be performed: by the 
use of only one wire with alternate currents of high poten- 
tial and frequency. We may connect an insulated line to 
a source of such currents, we may pass an inappreciable 
current over the line, and on any point of the same we are 
able to obtain a heavy current, capable of fusing a thick 
copper wire. Or we may, by the help of some artifice, de- 
compose a solution in any electrolytic cell by connecting 
only one pole of the cell to the line or source of energy. Or 
we may, by attaching to the line, or only bringing into its 
vicinity. light up an incandescent lamp, an exhausted tube, 
or a phosphorescent bulb. 

However impracticable this plan of working may appear 
in many cases, it certainly seems practicable, and even 
recommendable, in the production of light. A perfected 
lamp would require but little energy, and if wires were 
used at all we ought to be able to supply that energy with- 
out a return wire. 

It is now a fact that a body may be rendered incandes- 
cent or phosphorescent by bringing it either in single con- 
tact or merely in the vicinity of a source of electric im- 
pulses of the proper character, and that 1n this manner a 
quantity of light sufficient to afford a practical illuminant 
may be produced. It is, therefore, vo say the least, worth 
while to attempt to determine the best conditions and to 
invent the best appliances for attaining this object. 

Some experiences have already been gained in this direc- 
tion, and I will dwell on them briefly, in the hope that they 
might prove useful. 

The heating of a conducting body inclosed in a bulb, and 
connected to a source of rapidly alternating electric im- 
pulses, is dependent on so many things of a different nature, 
that it would be difficult to give a generally applicable 
rule under which the maximum heating occurs. As re- 
gards the size of the vessel, I have lately found that at or- 
dinary or only slightly differing atmospheric pressures, 
when air is a good insulator, and hence practically the 
same amount of energy by a certain potential and fre- 
quency is given off from the body, whether the bulb be 
small or large, the body is brought to a higher temperature 
if inclosed in a small bulb, because of the better confine- 
ment of heat in this case. 

At lower pressures, when air becomes more or less con- 
ducting, or if the air be sufticiently warmed as to become 
conducting, the body is rendered more intensely incandes- 
cent in a large bulb, obviously because, under otherwise 
equal conditions of test, more energy may be given off from 
the body when the bulb is large. 

At very high degrees of exhaustion, when the matter in 
the bulb becomes ‘‘radiant,” a large bulb bas still an ad- 
vantage, but a comparatively slight one, over the small 
bulb. 

Finally, at excessively high degrees of exhaustion, which 
cannot be reached except by the employment of special 
means, there seems to be, beyond a certain and rather 
small size of vessel, no perceptible difference in the heating. 

These observations were the result of a number of ex- 
periments, of which one, showing the effect of the size of 
the bulb at a high degree of exhaustion, may be described 
and shown here, as it presents a feature of interest. Three 
spherical bulbs of 2 inches, 3 inches and 4 inches diameter 
were taken, and in the centre of each was mounted an 
equal length of an ordinary incandescent lamp filament of 
uniform thickness. In each bulb the piece of filament 
was fastened to the leading-in wire of Songeemnny con- 
tained in a glass stem sealed in the bulb; care being 
taken, of course, to make everything as nearly alike 
as possible. On each glass stem in the inside of the 
bulb was slipped a_ highly ——% tube made of 
aluminium sheet, which fitted the stem and was 
held on it by spring pressure. The function of this 
aluminium tube will be explained subsequently. In 
each bulb an equal length of filament protruded above 
the metal tube. It is suflicient to say now that under these 
conditions equal levcths of filament of the same thick- 
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ness—in other words, bodies of equal bulk—were brought to 
incandescence. The three bulbs were sealed to a glass 
~tube, which was connected to a Sprengel pump. When a 
high vacuum had been reached, the g tube carrying the 
bulbs was sealed off. A current was then turned on suc- 
cessively on each bulb, and it was found that the filaments 
came to about the same brightness. and, if anything, the 
smallest bulb, which was p midway between the two 
larger ones, may have been slightly brighter. This result 
was expected, for when either of the bulbs was connected 
to the coil the luminosity spread through the other two, 
hence the three bulbs constituted really one vessel. When 
all the three bulbs were connected in multiple arc to the 
coil, in the largest of them the filament glowed brightest, 
in the next smaller it was a little less bright, and in the 
smallest it only came to redness. The bulbs were then 
sealed off and separately tried. The brightness of the fil- 
aments was now such as would have been expected on the 
supposition that the energy given off was proportionate to 
the surface of the bulb, this surface in each case represent- 
ing one of the coatings of acondenser. Accordingly, there 
was less difference between the largest and the mi die sized 
than between the latter and the smallest bulb. 

An interesting observation was made in this experiment. 
The three bulbs were suspended from a straight bare wire 
connected to a terminal of the coil, the largest bulb being 
placed at the end of the wire, at some distance from it the 
smallest bulb, und an equal distance from the latter the 
middle-sized one. The carbons glowed then in both the 
larger bulbs about as expected, but the smallest did not get 
its share by far. This observation led me to exchange the 
position of the bulbs, and I then observed that whichever 
of the bulbs was in the middle it was by far less bright than 
it was in any other position. This mystifying result was, of 
course, found to be due to the electrostatic action between 
the bulbs, When they were placed at a considerable dis- 
tance, or when they were attached to the corners of an 
equilateral triangle of copper wire, they glowed about in 
the order determined by their surfaces. : 

As to the shape of the vessel, it is also of some impor- 
tance, especially at high degrees of exhaustion. Of all the 
possible constructions, it seems that a spherical globe with 
the refractory body mounted in its centre is the best to em- 
ploy. In experience it has been demonstrated that in such 
a ohabe a refractory body of a given bulk is more easily 

brought to incandescence than when otherwise shaped 
bulbs are used. There is also an advantage in giving to the 
incandescent body the shape of a sphere, for self-evident 
reasons. In any case the body should be mounted in the 
centre, where the atoms rebounding from the glass collide. 
This object is best attained in the spherical bulb ; but it is 
also attained in a cylindrical vessel with one or two straight 
filaments coinciding with its axis, and possibly also in par- 
abolical or spherical bulbs with the refractory body or 
bodies placed in the focus or foci of the same; though the 
latter is not probable, as the electrified atoms should in all 
cases rebound normally from the surface they strike, unless 
the speed were excessive, in which case they would prob- 
ably follow the general law of reflection. No matter what 
shape the vessel may have, if the exhaustion be low, a fila- 
ment mounted in the globe is brought to the same degree 
of incandescence in all parts; but if the exhaustion be high 
and the bulb be spherical or pear-shaped, as usual, focal 
points form and the filament is heated to a higher degree 
at or near such points. 

To illustrate the effect, I have here two small bulbs which 
are alike, only one is exhausted to a low and the other to a 
very high degree. When connected to the coil, the fila- 
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action of the leading-in wire by providing the stem 
with a tube or coating of conducting material. It 
seems beyond doubt that the best among metals to 
employ for this purpose is aluminium, on account of 
its many remarkable properties. Its only fault is that 
it is easily fusible, ik therefore. its distance from the 
incandescing body shvuld be properly estimated. Usually. 
a thin tube, of a diameter somewhat smaller than that cf 
the glass stem, is made of the finest aluminium sheet, and 
slipped on thestem. The tube is conveniently prepared by 
wrapping around a rod fastened in a lathe a piece of alu- 
minium sheetof the proper size, grasping the sheet firmly 
with clean chaiaois leather or blotting paper, and spinning 
the rod very fast. The sheet is wound tightly around the 
rod, and a highty polished tube of one or three layers of the 
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sheet is obtained. When slipped on the stem, the pressure 
is generally sufficient to prevent it from slipping off, but. 
for safety, the lower edge of the sheet may be turned in- 
side. The upper inside corner of the sheet—that is, the 
one which is nearest to the refractory incandescent body 
—should be cut out diagonally, as it often happens 
that, in consequence of the intense heat, this 


corner turns toward the inside and comes very near 


to, or in contact with, the wire, or filament, supporting the 
refractory body. The greater part of the energy supplied to 
the bulb is then used up in heating thé metal tube, and the 
bulb is rendered useless for the purpose. The aluminium 
sheet should project above the glass stem more or less—one 
inch or so—or else, if the glass be too close to the incandes- 
cing body, it may be strongly heated and become more or 
less conducting, whereupon it may be ruptured, or may, by 
its conductivity, establish a good electrical connection be- 
tween the metal tube and the leading-in wire, in which case, 
again, most of the energy will be Jost in heating the former. 
Perhaps the best way is to make the top of the glass tube, 
for about an inch, of amuch smaller diameter. To still 
further reduce the danger arising from the heating of the 
glass stem, and also with the view of preventing an electri- 
cal connection between the metal tube and the electrode, I 
preferably wrap the stem with several layers of thin mica, 
which extends at least as far as the metal tube. In some 
bulbs I have also used an outside insulating cover. 

The preceding remarks are only made to aid the experi- 
menter in the first trials, for the difficulties which he en- 
counters he may soon find means to overcome in his own 
way. 

To illustrate the effect of the screen, and the advantage 
ot using it, I have here two bulbs of the same size, with 
their stems, leading-in wires and incandescent lamp fila- 
ments tied to the latter, as uearly alike as possible. The 
stem of one bulb is provided with an aluminium tube, the 
stem of the other has none. Originally the two bulbs were 
joined by a tube which was connected to aSprengel pump. 
When a high vacuum had been reached, first the connect- 
ing tube, and then the bulbs, were sealed off ; they are 
therefore of the same degree of exhaustion. When they 
are separately connected to the coil giving a certain poten- 
tial, the carbon filament in the bulb provided with the 
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ordinary atmospheric pressures just the reverse rule holds 
good: the higher the frequency, the less the spark discharge 
is able to jump between the terminals, especially if they are 
knobs or spheres of some size. 

Finally, at very low degrees of exhaustion, when the gas 
is well conducting, the metal tube not only does not act as 
an electrostatic screen, but even is a drawback, aiding to a 
considerable extent the dissipation of the energy laterally 
from the leading-in wire. This, of course, is to be expected. 
In this case, namely, the metal tube is in good electrical 
connection with the leading-in wire, and most of the bom- 
bardment is directed upon the tube. As long as the elec- 
trical connection is not good, the conducting tube is always 
of some advantage, for although it may not great!y econo- 
mize energy, still it protects the support of the refractory 
button, and is a means for concentrating more energy upon 
the same. 

To whatever extent the aluminium tube performs the func- 
tion of a screen, its usefulness is therefore limited to very high 
degrees pf exhaustion when it is insulated from the elec- 
trode—that is, when the gas as a whole is non-conducting. 
and the molecules, or atoms, act as independent carriers of 
electric charges. 

In addition to acting as a more or less effective screen, in 
the true meaning of the word, the conducting tube or coat- 
ing may also act, by reason of its conductivity, as a sort 
of equalizer or dampener of the bombardment against the 
stem. To be explicit, I assume the action as follows : Sup- 
pose a rhythmical bombardment to occur against the con- 
ducting tube by reason of its imperfect action as a screen, 
it certainly must happen that some molecules, or atoms, 
strike the tube sooner than others. Those which come first 
in contact with it give up their superfluous charge, 
and the tube is electrified, the electrification in 
stantly spreading over its surface. But this must 

diminish the energy lost in the bombardment for two 
reasons: first, the charge given up by the atoms spreads 
ovgr a great area, and hence the electric density at any 
point is small, and the atoms are repelled with less energy 
than they would be if they would strike against a good in- 
sulator; secondly, as the tube is electrified by the atoms 
which first come in contact with it, the progress of the fol- 
lowing atoms against the tube is more or less checked by 
the repulsion which the electrified tube must exert upon 
the similarly electrified atoms. This repulsion may-per- 
haps be sufficient to prevent a large portion of the atoms 
from striking the tube, but at any rate it must diminish the 
energy of their impact. It is clear that when the exhaus- 
tion is very low, and the rarefied gas well conducting. 
neither of the above effects can occur, and, on the other 
hand, the fewer the atoms. with the greater freedom they 
move; in other words, the higher the degree of exhaustion, 
up to a limit, the more telling will be both the effects. 

What I have just said may afford an explanation of the 
phenomenon observed by Prof. Crookes, namely, that a 
discharge through a bulb is established with much greater 
facility when an insulator than when a conductor is_ pres- 
entin the same. In my opinion, the conductor acts as a 
dam pener of the motion of the atoms in the two ways 
pointed out; hence, to cause a visible discharge to pass 
through the bulb, a much higher potential is needed if a 
conduct or, especially of much surface, be present. 

For the sake of clearness of some of the remarks before 
made, I must now refer to Figs. 18, 19 and 20, which illus 
trate various arrangements with atype of bulh most gen 
erally used. 
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aluminium screen is rendered highly incandescent, while 
the filament in the other bulb may, with the same po- 
tential, not even come to redness, although in reality 
the latter bulb takes generally more energy than the 
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former. When they are both connected together 

to the terminal, the difference is even more 

apparent, showing the importance of the screening. The 

Fig. 18.—BuLB with Mica’ Fic. 19.—IMPROVED, BULB metal tube placed on the stem containing the leading-in’ Fig, 21.—Improvep Ku. Fic. 22.—Type or BULB 
x k : wire performs really two distinct functions: First; it acts WITH Non-ConpbvuctTING nexove Ln ce 
TUBE AND ALUMINIUM WITH SOCKET AND more or lessas an electrostatic screen, thus economizing ee eee eee ae 
SCREEN. SCREEN. the energy supplied to the bulb; and, second, to whatever BUTTON. WIRE. 





ment in the former glows uniformly throughout all its 
length; whereas in the latter, that portion of the filament 
which is in the centre of the bulb glows far more intensely 
than the rest. A curious point is that the phenomenon 
occurs even if two filaments are mounted in a bulb, each 
being connected to one terminal of the coil, aud, what is 
still more curious, if they be very near together, provided 
the vacuum be very high. I noted in experiments with 
such bulbs that the filaments would give way usually ata 
certain point, and in the first trials I attributed it toa defect 
in the carbon. But when the phenumenon occurred many 
times in succession | recognized its real cause. 

In order to bring a refractory body inclosed in a bulb to 
incandescence, it is desirable, on account of economy, that 
all the energy supplied to the bulb from the source 
should reach without loss the body to be heated; from 
there, and from nowhere else, it should be radiated. It is, 
of course, out of the question to reach this theoretical re- 
sult, but it is possible by a proper construction of the illu- 
minating device to approximate it more or less. 

For many reasons, the refractory body is placed in the 
centre of the bulb, and it is usually supported on a glass 
stem containing the leading-in wire. As the potential of 
this wire is alternated, the rarefied gas surrounding the 
stem is acted upon inductively, and the glass stem is vio- 
lently bombarded and heated. In this manner by far the 
greater portion of the energy supplied to the bulb—es- 
pecially when exceedingly high frequencies are used-—may 
be lost for the purpose contemplated. To obviate this loss, 
or at least to reduce it to a minimum, I usually screen the 
rarefied gas surrounding the stem from the inductive 


extent it may fail to act electrostatically, it acts mechanic- 


ally, preventing the bombardment, and consequently in- 
tense heating and possible deterioration of the slender sup- 
port of the refractory incandescent body, er of the glass 
I say slender sup- 
port, for it is evident that in order to confine the heat more 
completely to the incandescing body its support should be 
very thin, so as to carry away the smallest possible amount 
Of all the supports used I have 
found an ordinary incandescent lamp filament to be the 

fattons it can with- 


stem containing the leading-in wire. 


of heat by conduction. 


best, principally because among con 
stand the highest degrees of heat. 

The effectiveness of the metal tube as an electrostatic 
screen depends largely on the degree of exhaustion. 


At excessively high degrees of exhaustion—which are 


reached by using great care and special means in connection 


with the Sprengel pump—when the matter in the globe is 
in the ultra-radiant state, it acts most perfectly. The shadow 


of the upper edge of the tube is then sharply defined upon 
the bulb. 

At asomewhat lower degree of exhaustion, which is about 
the ordinary ‘‘non-striking” vacuum, and generally as long 
as the matter moves predominantly in straight lines, the 
screeu still does well. In elucidation of the preceding re- 
mark it is necessary to state that what is a ‘‘non-strikirg” 
vacuum for a coil operated, as crdinarily, by impulses, or 
currents, of low frequency, is not, by far, so when the coil 
is operated by currents of very high frequency. In such 
case the discharge may pass with great freedom through the 
rarefied gas through which a low-frequency discharge may 
not pass, even though the potential be much higher. At 


Fig. 18 is a section through a spherical bulb ZL, with 
the glass stem s, containing the leading-in wire w, which 
has a lampfilament / fastened to it, serving to support the 
refractory button min the centre. M isa sheet of thin 
mica wound in several layers around the stem s, and a is 
the aluminium tube. 

Fig. 19 illustrates such a bulb in a somewhat more ad- 
vanced stage of perfection. A metallic tube S is fastened 
by means of some cement to the neck of the tube. In the 
tube is screwed a plug P, of insulating material, in the 
centre of which is fastened a metallic terminal ¢, for the 
connection to the leading-in wire w. This terminal must 
be well insulated from the metal tube S, therefore, if the 
cement used is conducting—and most generally it is suf- 
ficiently so—the space between the plug P and the neck 
of the bulb should be filled with some good igsulating ma- 
terial, as mica powder. 

Fig. 20 shows a bulb made for experimental purposes. In 
this bulb the aluminium tube is provided with an external 
connection, which serves to investigate the effect of the 
tube under various conditions. Itis referred to chiefly to 
suggest a line of experiment followed. 

Since the bombardment against the stem containing the 
leading-in wire is due to the inductive action of the latter 
upon the rarefied gas, it is of advantage to reduce this ac- 
tion as far as practicable by employing a very thin wire. 
surrounded by a very thick seaelation of glass or other ma- 
terial, and by making.the wire passing through the rarefied 
gas as short as practicable. To combine these features | 
par ed a large tube 7 (Fig. 21), which protrudes into the 
bulb to some distance, and carries on the top a very short 
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glass stem s, into which is sealed the leading-in wire w, 
and I protect the top of the glass stem against the heat bya 
small aluminium tube a anda layer of mica underneath 
the same, as usual. The wire w, passing through the large 
tube to the outside of the bulb, should be well insulated—- 
with a glass tube, for instance-—and the space between 
ought to be filled out with some excellent insulator. Among 
many insulating powders I have tried, I have found that 
mica powder is the best to employ. If this precaution is 
not taken, the tube 7, protruding into the bulb. will surely 
be cracked in consequence of the heating by the brushes 
which are apt to form in the upper part of the tube, near 
the exhausted globe, especially if the vacuum be excellent, 
and therefore the potential necessary to operate the lamp 
very high. 

Fig. 22 illustrates a similar arrangement, with a large 
tube T protruding into the part of the bulbcontaining the 
refractory button m. In this case the wire leading from 
the outside into the bulb is omitted, the energy required 
being supplied through condenser coatings CC. The in- 
sulating packing P should in this construction be tightly 
fitting to the glass, and rather wide, or otherwise the dis- 
charge might avoid passing through the wire w, which 
connects the inside condenser coating to the incandescent 
button m. 

The molecular bombardment against the glass stem in 
the bulb is a source of great trouble. As illustration I will 
cite a phenomenon only too frequently and unwillingly 
observed. A bulb, preferably a large one, may be taken, 
and a good conducting body, such as a piece of carbon, may 
be mounted in it upon a platinum wire sealed in the glass 
stem. The bulb may be exhausted to a fairly high degree, 
nearly to the point when phosphorescence begins to appear. 
When the bulb is connected with the coil, the piece of 
carbon, if small, may become highly incandescent at first. 
but its brightness immediately diminishes, and then the 
discharge may break through the glass somewhere in the 
middle of the stem, in the form of bright sparks, in spite of 
the fact that the platinum wire is in good electrical con- 
nection with. the rarefied gas through the piece of carbon or 
metal at the top. The first sparks are singularly bright, 
recalling those drawn from a clear surface of mercury. 
But. as they heat the glass rapidly, they, of course, lose their 
brightness, and cease when the glass at the ruptured place 
becomes incandescent. or generally sufficiently hot to con- 
duct. When observed for the first time the phenomenon 
must appear very curious, and shows in a striking manner 
how radically different alternate currents, or impulses, of 
high frequency behave, as compared with steady currente, 
or currents of low frequency. With such currents—namely 
the latter—the phenomenon would of course not occur. 
When frequencies such as are: obtained by mechanical 
means are used, I think that the rupture of the glass is 
more or less the consequence of the bombardment. which 
warins it up and impairs its insulating power; but with 
frequencies obtainable with condensers I have no doubt 
that the glass may give way without previous heating. A]- 
though this appears most singular at first, it is in reality 
what wemight expect to occur. The energy supplied to 
the wire leading into the bulb is given off partly by direct 
action through the carbon button, and partly by inductive 
action through the glass surrounding the wire. ‘The case 
is thus analogous to thatin which a condensershunted by a 
conductor of low resistance is connected to a source of al! 
ternating currents. As long as the frequencies are low, 
the conductor gets the most, and the condenser is perfectly 
safe; but when the frequency becomes excessive, the réle 
of the conductor may become quite insignificant. In the 
latter case the difference of potential at the terminals of 
the condenser may become so great as to rupture the di- 
electric, notwithstanding the factthat the terminals are 
joined by a conductor of low resistance. 

It is, of course, not necessary, when it is desired to pro- 
duce the incandescence of a body inclosed in a bulb by 
means of these currents, that the body should be a con- 
ductor, for even a_ perfect non-conductor may be quite as 
readily heated. For this purpose it is sufficient to sur- 
round a conducting electrode with a non-conducting ma 
terial, as, for instance, in the bulb described before in Fig. 
21, in which a thin incandescent lamp filament is coated 
with a non-conductor, and supports a button of the same 
material on the top. At the start the bombardment goes 
on by inductive action through the non-conductor, until 
the same is sufficiently heated to become conducting, when 
the bombardment continues in the ordmary way. 

A different arrangement used in some of the bulbs con- 
structed is illustrated in Fig. 23. In this instance a non-con- 
ductor m is mounted in a piece of common arc light carbon so 
as to project some small distance above the latter. The car- 
bon piece is connected to the Jeading-in wire passing 
through a glassstem, which is wrapped with several layers 
of mica. An aluminium tube a is employed as usual for 
screening. It is soarranged that it reaches very nearly as 
high as the carbon and only the non-conductor m projects 
a little above it. The bombardment goes at first against 
the upper surface of carbon, the lower parts being protect- 
ed by the aluminium tube. As soon, however, as the non- 
conductor m is heated it is rendered good conducting, and 
then it becomes the centre of the bombardment, being most 
exposed to the same. 

I have also constructed during these experiments many 
such single-wire bulbs with or without internal electrode, 
in which the radiant matter was projected against, or fo- 
cused upon, the body to be rendered incandescent. Fig. 24 
illustrates one of the bulbs used. It consists of a spherical 
globe L, provided with a long neck », on the top, for in- 
creasing the action in some cases by the application of an 
external conducting coating. The globe L is blown out on 
the bottom into a very small bulb 6, which serves to hold 
it firmly in a socket S of insulating material into which 
it is cemented. A fine lamp filament f, supported on a 
wire w, passes through the centre of the globe L. The 
filament is rendered incandescent in the middle portion, 
where the bombardment proceeding from the lower inside 
surface of the globe is most intense. The lower portion of 
the globe, as far as the socket S reaches, is rendered con- 
ducting, either by a tinfoil coating or otherwise, and the 
external electrode is connected to a terminal of the coil. 

The arrangement diagramatically indicated in Fig. 24 was 
found to be an inferior one when it was desired to render 
incandescent a filament or button supported in the centre 
of the globe, but it was convenient when the object was 
to excite phosphorescence. 

In many experiments in which bodies of a different kind 
were mounted in the bulb as, for instance, indicated in 
Fig. 23, some observations of interest were made. 

tt was found, among other things, that in such cases, no 
matter where the bombardment began, just as soon as a 
high temperature was reached there was generally one of 
the bodies which seemed to take most of the bombardment 
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upon itself, the other, or others, being thereby relieved. 
This quality appeared to depend principally on the point of 
fusion, and on the facility with which the body was 
‘*evaporated,” or, generally speaking, disintegrated—mean- 
ing by the latter term not only the throwing off of ators, 
but hkewise of larger lumps. The observation made was 
in accordance with qeaneely accepted notions. In a highly 
exhausted bulb electricity is carried off from the electrode 
by independent carriers, which are partly the atoms, or 
molecules, of the residual atmosphere, and partly the atoms, 
molecules, or lumps thrown off from the electrode. If the 
electrode is composed of bodies of different character, and 
if one of these is more easily disintegrated than the others, 
most of the electricity supplied is carried off from that body, 
which is then brought to a higher temperature than the 
others, and this the more, as upon an increase of the tem- 
perature the body is still more easily disintegrated. 
It seems to me quite probable that a similar process takes 
lace in the bulb even with a homogeneous electrode, and 
think it to be the principal cause of the disintegration. 
There is bound to be some irregularity, even if the surface 
is highly polished, which, of course, is impossible with most 
of the refractory bodies employed as electrodes. Assume 
that a point of the electrode gets hotter, instantly most of 
the discharge passes through that point, and a minute patch 
is probably fused and evaporated. It is now possible that in 
consequence of the violent disintegration the spot attacked 
sinks in temperature, or that a counter force is created, as 
in an are: at any rate, the local tearing. off meets 
with the limitations incident to the experiment, where- 
upon the same process occurs on another place. To 
the eye the electrode appears uniformly _ brilliant, 
but there are upon it points constantly shifting and 
yandering around, of a temperature far above the 
mean, and this materially hastens the process of deteriora- 
tion. Thatsome such thing occurs, at least when the elec- 
trode is at a lower temperature, sufficient experimental evi- 
dence can be obtained in the following manner : Exhaust a 
bulb to a very high degree, so that with a fairly high poten- 
tial the discharge cannot pass—that is, not a /uminous one, 
for a weak invisible discharge occurs always, in all prob- 
ability. Now raise slowly and carefully the potential, leav- 
ing the primary current on no more than for an instant. At 
a certain point, two, three, or half a dozen phosphorescent 
spots will appear on the globe. These places of the glass are 
evidently more violently bombarded than others, this being 
due to the unevenly distributed electric density, necessitated, 
of course, by sharp projections. or, generally speaking, ir- 
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regularities of the electrode. But the luminous patches are 
constantly changing in position, which‘is especially well ob- 
servable if one manages to produce very few, and this in 
dicates that the configuration of the electrode is rapidly 
changing. 

From experiences of this kind I am led to infer that, 
in order to be most durable, the refractory button in the 
bulb should be in the form of a sphere with a highly 
polished surface. Sucha small sphere could be manu- 
factured from a diamond or some other crystal, but a_bet- 
ter way would be to fuse, by the employment of extreme 
degrees of temperature, some oxide—as,. for instance, zir- 
conia—into a small drop, and then keep it in the bulb at a 
temperature somewhat below its point of fusion. 

Interesting and useful results can no doubt be reached in 
the direction of extreme degrees of heat. How can such 
high temperatures be arrived at?’ How are the highest 
degrees of heat reached in nature?’ By. the impact of 
stars, by high speeds and collisions. Ina collision any 
rate of heat generation may be attained. In a chemical 
yrocess we are limited. When oxygen and hydrogen com- 
rhe they fall, metaphorically speaking, from a definite 
height. We cannot go very far with a blast, nor by con- 
fining heat in a furnace. but in an exhausted bulb we can 
concentrate any amount of energy upon a minute button. 
Leaving practicability out of consideration, this, then, 
would be the means which, in my opinion, would enable 
us to reach the highest temperature. But a great difficulty 
when proceeding in this way is encountered, namely, in 
most cases the body is carried off before it can fuse and 
forma drop. This difficulty exists principally with an ox- 
ide such as zirconia, because it cannot be compressed in so 
hard a cake that it would not be carried off quickly. I en- 
deavored repeatedly to fuse zirconia, placing it in a cup or 
arc light carbon as indicated in Fig. 23. It glowed with a 
most intense light, and the stream of the particles project- 
ed out of the carbon cup was of a vivid soll but whether 
it was compressed in a cake or made into a paste with 
‘varbon, it was carried off before it could be fused. The 
‘arbon cup containing the zirconia had to be mounted very 
low in the neck of a large bulb, as the heating of the glass 
by the projected particles of the oxide was so rapid that in 
the first trial the bulb was cracked almost in an instant 
when the current was turned on. The heating of the glass 
by the projected particles was found to be always greater 
when the carbon cup contained a body which was rapidly 
carried off—I presume because in such cases, with the same 
potential, higher speeds were reached, and also because. 
per unit of time, more matter was projected—that is, more 
particles would strike the glass. 
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The before mentioned difficulty did not exist, however, 
when the body mounted in the carbon cup offered great re- 
sistance to deterioration. For'instance, when an oxide was 
first fused in an oxygen blast and then mounted in the bulb, 
it melted very readily into a drop. 

. Generally during the process of fusion magnificent light 
effects were noted, of which it would be difficult to give an 
adequate idea. Fig. 23 is intended to illustrate the effect 
observed with a ruby drop. At first one may see a narrow 
funnel of white light projected against the top of the globe, 
where it produces an irregularly outlined phosphorescent 
patch. When the point of the ruby fuses the phosphores- 
cence-becomes very powerful; but as the atoms are pro- 
jected with much greater speed from the surface of the 
drop, soon the glass gets hot and ‘‘tired,” and now only the 
outer edge of the patch glows. In this manner an intensely 
phosphorescent, sharply detined line, /, corresponding to 
the outline of the drop, is produced, which spreads slowly 
over the globe as the drop gets larger. When the mass be- 
gins to boil, smal] bubbles and cavities are formed, which 
cause dark colored spots to sweep across the globe. The 
bulb may be turned downward without fear of the drop 
falling off, asthe mass possesses considerable viscosity 

I may mention here another feature of some interest, 
which I believe to have noted in the course of these ex- 
periments, though the observations do not amount to a 
certitude. It appeared that under the molecular impact 
caused by the rapidly alternating potential the body was 
fused and maintained in that state at a lower temperature 
in a highly exhausted bulb than was the case at normal 
pressure and application of heat in the ordinary way— 
that is, at least, judging from the quantity of the light 
emitted. One of the experiments performed may be men- 
tioned here by way of illustration. A small piece of 
pumice stone was stuck on a platinum wire, and first 
melted to it in a gas burner. The wire was next placed 
between two pieces of charcoal and a burner applied so as 
to produce an intense heat, sufficient to melt down the 
pumice stone into a small glass-like button. The platinum 
wire had to be taken of sufticient thickness to prevent 
its melting in the fire. While in the charcoal fire, or when 
held in a burner to get a better idea of the degree of heat, 
the button glowed with great brilliancy. The wire with 
the button was then mounted in a bulb, and upon exhaust- 
ing the same toa high degree, the current was turned on 
slowly so as to prevent the cracking of the button. The 
button was heated to the point of fusion, and when it 
melted it did not, apparently, glow with the same brilliancy 
as before, and this would indicate a lower temperature. 
Loaving out of consideration the observer's possible, and 
even probable, error, the question is, cana body under 
these conditions be brought from a soljd to a liquid state 
with evolution of Jess light ? 

When the potential of a body is rapidly alternated it is 
certain that the structure is jarred. When the potential is 
very high, aithough the vibrations may be few—say 20,000 
per second—the effect upon the structure may be consider- 
able. Suppose, for example, that a ruby is melted into a 
drop by a steady application of energy. When it forms a 
drop it will emit visible and invisible waves, which will be 
in a definite ratio, and to the eye the drop will appear to be 
of a certain brilliancy. Next, suppose we diminish to any 
degree we choose the energy steadily supplied, and, in 
stead, supply energy which rises and falls according to a 
certain law. Now, when the drop is formed, there will be 
emitted from it three different kinds of vibrations—the on 
dinary visible, and two kinds of invisible waves: that is, 
the ordinary dark waves of all lengths, and, in addition, 
waves of a well defined character. The latter would not 
exist by a steady supply of the energy; still they help to 
jar and loosen the structure. If this really be the case, 
then the ruby drop will emit relatively less visible and 
more invisible waves than before. Thus it would seem 
that when a platinum wire, for instance, is fused by cur- 
rents alternating with extreme rapidity. it emits at the 
point of fusion less light and more invisible radiation than 
it does when melted by a steady current, though the total 
energy used up in the process of fusion is the same in both 
cases. Or, to cite another example, a Jamp filament is 
not capable of withstanding as long with currents of 
extreme frequency as it does with steady currents, 
assuming that it be worked at the same luminous intensity. 
This meansthat for rapidly alternating currents the _fila- 
ment should be shorter and thicker. The higher the fre- 
quency—that is, the greater the departure from the steady 
tlow—the worse it would be for the filament. But if the 
truth of this remark were demonstrated, it would be erro- 
neous to conclude that such a refractory button as used in 
these bulbs would -be deteriorated quicker by currents of 
extremely high frequency than by steady or low frequency 
currents. From experience I may say that just the oppo- 
site holds good: the button withstands the bombardment 
better with currents of very high frequency. But this is 
due to the fact that a high frequency discharge passes 
through a rarefied gas with much greater freedom than a 
steady or low frequency discharge, and this will say that 
with the former we can work with a lower potential or 
with a less violent impact. As long, then, as the gas is of 
no consequence, a steady or low frequency current is bet- 
ter; but as soon as the action of the gas is desired and im- 
portant, high frequencies are preferable. 

In the course of these experiments a great many trials 
were made with all kinds of carbon butions. Electrodes 
made of ordinary carbon buttons were decidedly more 
durable when the buttons were obtained by the application 
of enormous pressure. Electrodes prepared by depositing 
carbon in well known ways did not show up well; they 
biackened the globe very quickly. From many experi- 
ences I conclude that lamp filaments obtained in this 
manner can be advantageously used only with low 
potentials and low frequency currents. Some kinds of 
carbon withstand so well that, in order to bring them to 
the point of fusion, it is necessary to employ very small 
butions. In this case the observation is rendered very 
difficult on account of the intense heat produced. Never- 
theless there can be no doubt that all kinds of carbon are 
fused under the molecular bombardment, but the liquid 
state must be one of great instability. Of all the bodies 
tried there were two which withstood best—diamond and 
curborundum. These two showed up about equally, but 
the latter was preferable, for many reasons. As it is more 
than likely that this body is not yet generally known, I 
will venture to cal! your attention to it. 

It has been recently produced vy Mr. E, G, Acheson, of 
Monongahela City, Pa., U. 8 A. It is intended 
to replace ordinary diamond powder for polishing precious 
stones, etc., and I have been informed that it accomplishes 
this object quite successfully. I do not know why the 
name ** carborundum ” has been given to it, unless there is 
something in the process of its manufacture which justifies 
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this selection. Through the kindness of the inventor, I 
obtained a short while ago some samples which I desired to 
test in regard to their qualities of phosphorescence and 
capability of withstanding high degrees of heat. 

Carborundum can be obtained in two forms—in the form 
of *crystals” and of powder. The former appear to the 
naked eye dark colored, but are very brilliant ; the latter is 
of nearly the same color as ordinary diamond powder, but 
very much finer. When viewed under a microscope the 
samples of crystals given to me did not appear to have any 
definite form, but rather resembled pieces of broken up egg 
coal of fine quality. The majority were opaque, but there 
were some which were transparent and colored. The crystals 
are a kind of carbon containing some impurities ; they are 
extremely hard, and withstand for a long time even an 
oxygen blast. When the blast is directed against them 
they at first form a cake of some compactness, probably in 
consequence of the fusion of impurities they contain. The 
mass withstands for a very long time the blast without 
further fusion ; but a slow carrying off, or burning, occurs, 
and, finally, a small quantity of a glass-like residue is left, 
which, I suppose, is melted alumina. When compressed 
strongly they conduct very well, but not as well as ordinary 
carbon. The powder, which is obtained from the crystals 
in some way, is practically non-conducting. It affords a 
magnificent polishing material for stones. 

The time has been too short to make a satisfactory study 
of the properties of this product, but enough experience 
has been gained in a few weeks I have experimented upon 
it to say that it does possess some remarkable properties in 
many respects. It withstands excessively high degrees of 
heat, it is little deteriorated by molecular bombardment, 
and it does not blacken the globe as ordinary carbon does. 
The only difficulty which L have found in its use in connec- 
tion with these experiments was to find some binding ma- 
terial which would resist the heat and the effect of the 
bombardment as successfully as carborundum itself does. 

I have here a number of bulbs which 1 have provided 
with buttons of carborundum. To make such a button of 
carborundum crystals I proceed in the following manner : 
I take an ordinary lamp filament and dip its point in tar, 
or some other thick substance or paint which may be readi- 
lv carbonized. I next pass the point of the filament 
through the crystals, and then hold it vertically over a hot 
plate. The tar softens and forms a drop on the point of 
the filament, the crystals adhering to the surface of the 
drop. By regulating the distance from the plate the tar is 
slowly dried out and the button becomes solid. I then once 
more dip the button in tar and hold it again over a plate 
until the tar is evaporated, leaving only a hard mass which 
firmly binds the crystals. When a larger button is required 
I repeat the process several times, and I generally also 
cover the filament a certain distance below the button with 
erystals. The button being mounted in a bulb, when a 
good vacuum has been reached, first a weak and then a 
strong discharge is passed through the bulb to carbonize 
the tar and expel all gases, and later it is brought to a very 
intense incandescence. 

When the powder is used I have found it best to proceed 
as follows: I make a thick paint of carborundum and tar. 
and pass a lamp filament through the paint. Taking then 
most of the paint off by rubbing the filament against a 
piece of chamois leather, I hold it over a hot plate until the 
tar evaporates and the coating becomes firm. I repeat this 
process as many times as it is necessary to obtain a certain 
thickness of coating. On the point of the coated filament 
I form a button in the same manner. 

There is no doubt that such a button—properly prepared 
under great a carborundum, especially of 

vowder of the best quality, will withstand the effect of the 
enshardebont fully as well as anything we know. The 
difficulty is that the binding material gives way, and the 
carborundum is slowly thrown off after some time. As it 
does not seem to blacken the globe in the least, it might be 
found useful for coating the tilaments of ordinary incan- 
descent lamps, and | think that it is even possible to pro- 
duce thin threads or sticks of carborundum which will re- 
place the ordinary filaments in an incandescent lamp. A 
carborundum coating seems to be more durable than other 
coatings, not only because the carborundum can withstand 
high degrees of heat, but also because it seems to unite 
with the carbon better than any other material I have tried. 
A coating of zirconia or any other oxide, for instance, is 
far more quickly destroyed. I prepared buttons of dia- 
mond dust in the same manner as of carborundum, and 
these came in durability nearest to those prepared of car- 
berundum, but the binding paste gave way much more 
quickly in the diamond buttons : this, however, I attribu- 
ted to the size and irregularity of the grains of the dia- 
mond. 

It was of interest to find whether carborundum possesses 
the quality of phosphorescence. One is, of course, prepared 
to encounter two difficulties: first, as regards the rough 

yroduct, the ‘‘crystals,” they are good conducting, and 

it isa fact that conductors do not phosphoresce ; second. 
the powder, being exceedingly fine, would not be apt to 
exhibit very prominently this quality, since we know that 
when crystals, even such as diamond or ruby, are finely 
powdered, they lose the property of phosphorescence to a 
considerable degree. 

The question presents itself here, can a conductor phos- 
phoresce ? What is there in such a body as a met], for in- 
stance, that would deprive it of the quality of phosphores- 
cence, unless it is that property which characterizes it at a 
conductor ? for it is a fact that most of the phosphorescent 
bodies lose that quality when they are sufficiently heated 
to become more or less conducting. Then, if a metal be in 
a large measure, or perhaps entirely, deprived of that prop- 
erty, it should be capable of phosphorescence. Therefore 
it is quite possible that at some extremely high frequency, 
when behaving practically as a non-conductor, a metal or 
any other conductor might exhibit the quality of phos- 
phorescence, even though it be entirely incapable of phos- 

yhorescing under the impact of a low-frequency discharge. 
‘here is, however, another possible way how a conductor 
might at least appear to phosphoresce. 

Considerable doubt still exists as to what really is phos- 
phorescence, and as to whether the various phenomena 
comprised under this head are due to the same causes. 
Suppose that in an exhausted bulb, under the molecular 
impact, the surface of a piece of metal or other conductor 
is rendered strongly luminous, but at the same time it is 
found that it remains Comparatively cool, would net this 
luminosity be called phosphoresence ? Now such a result. 
theoretically at least, is possible, for it is a mere question 
of potential or speed. Assume the potential of the elec- 
trode, and consequently the speed of the projected atoms, 
to be sufliciently high, the surface of the metal piece 
against which the atoms are projected would be sendenes 
highly incandescent, since the process of heat generation 
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would be incomparably faster than that of radiating or 
conducting away from the surface of the collision. In the 
eye of the observer a single impact of the atoms would 
cause an instantaneous flash, but if the impacts were re- 
peated with sufficient rapidity they would produce a con- 
tinuous impression upon his retina. To him then the sur- 
face of the metal would appear continuously incandescent 
and of constant luminous intensity ,while in reality the light 
would be either intermittent or at least changing periodically 
in intensity. The metal piece would rise in temperature 
until equilibrium was attained—that is,until the energy con- 
tinuously radiated would equal that intermittently sup- 
plied. But the supplied energy might under such condi- 
tions not be sufficient to bring the body to any more than 
a very moderate mean temperature, especially if the fre- 
quency of the atomicimpacts be very low—just enough 
that the fluctuation of the intensity of the light emitted 
could not be detected by the eye. The body would now, 
owing to the manner in which the energy is supplied, emit 
a strong light, and yet be at a comparatively very low 
mean temperature. How could the observer call the lu- 
minosity ‘hes produced? Even. if the analysisof the light 
would teach him something definite, still he would prob- 
ably rank it under the phenomena of phosphorescence. It 
is conceivable that in such a way both conducting and non- 
conducting bodies may be maintained at a certain lumin- 
ous intensity, but the energy required would very greatly 
vary with the nature and properties of the bodies. 

These and some foregoing remarks of a speculative na- 
ture were made merely to bring out curious features of 
alternate currents or electric impulses. By their help we 
may cause a body to emit more light, while at a certain 
mean temperature, than it would emit if brought to that 
temperature by a steady supply; and, again, we may bring 
a body to the point of fusion, and cause it to emit less 
light than when fused by the application of energy in 
ordinary ways. It all depends on how we supply the 
energy, and what kind of vibrations we set up: in one case 
the vibrations are more, in the other less, adapted to affect 
our sense of vision. 

Some effects, which I had not observed before. obtained 
with carborundum in the first trials, I attributed to phos- 
phorescence, but in subsequent experiments it appeared 
that it was devoid of that quality. The crystals possess a 
noteworthy feature. In a bulb provided with a single 
electrode in the shape of a small circular metal disc, for 
instance, at a certain degree of exhaustion the electrode is 
covered with a milky film, which is separated by a dark 
space from the glow filling the bulb. When the metal disc 
is covered with carborundum crystals, the film is far more 
intense, and snow-white. This I found later to be merely 
an effect of the bright surface of the crystals, for when an 
aluminium electrode was highly polished it exhibited more 
or less the same phenomenon. I made a number of ex- 
periments with the samples of crystals obtained, princi- 
pally because it would have been of special interest to find 
that they are capable of phosphorescence, on account of 
their being conducting. | could not produce phosphores- 
cence distinctly, but I must remark that a decisive opinion 
cannot be formed until other experimenters have gone over 
the same ground. 

The powder behaved in some experiments as though it 
contained alumina, but it did not exhibit with sufticont 
distinctness the red of the latter. Its dead color brightens 
considerably under the molecular impact, but Iam now 
convinced it does not phosphoresce. Still, the tests with the 
powder are not conclusive, because powdered carborundum 
probably does not behave like a phosphorescent sulphide, 
for example, which could be finely powdered without im- 
pairing the phosphorescence, but rather like powdered ruby 
or diamond, and therefore it would be necessary, in order 
to make a decisive test, to obtain it in a large iump and 
polish up the surface. 

If the carborundum proves useful in connection with 
these and similar experiments, its chief value will be found 
in the production of coatings, thin conductors, buttons, or 
other electrodes capable of withstanding extremely high 
degrees of heat. 

The production of a small electrode capable of withstand- 
ing enormous temperatures I regard as of the greatest im- 
portance in the manufacture of light. It would enable us 
to obtain, by means of currents of very high frequencies, 
certainly 20 times, if not more, the quantity of light which 
is obtained in the present incandescent lamp by the same 
expenditure of energy. This estimate may appear to many 
exaggerated, but in reality | think it isfar from being so. 
As this statement might be misunderstood I think it neces- 
sary to expose clearly the problem with which in this line 
of work we are saaiaiaial and the manner in which, in 
my Opinion, a solution will be arrived at. 

Any one who begins a study of the problem will be apt 
to think that what is wanted in a lamp with an elieude 
is a very high degree of incandescence of the electrode. 
There he will be mistaken. The high incandescence of 
the button is a necessary evil, but what is really wanted is 
the high incandescence of the gas surrounding the button. 
{In other words, the problem in such a lamp is to bring a 
mass of gas to the highest possible incandescence. The 
higher the incandescence, the quicker the mean vibration, 
the greater is the economy of the light production. But 
to maintain a mass of gas at a high degree of incandes- 
cence in a glass vessel, it will always be necessary to keep 
the incandescent mass away from the glass; that is, to 
confine it as much as possible to the central portion of the 
globe. 

In one of the experiments this evening a brush was _ pro- 
duced at theend of a wire. This brush was a flame, a 
source of heat andlight. It did not emit much perceptible 
heat, nor did it glow with an intense light; but is it the less 
a flame because it does not scorch my hand? Is it the less 
a flame because it does not hurt my eye by its brilliancy ? 
The problem is precisely to produce in the bulb such’ a 
tlame, much smaller in size, but incomparably more power- 
ful. Were there means at hand for producing electric im- 
pulses of a sufficiently high frequency, and for transmitting 
them, the bulb could be done away with, unless it were 
used to protect the electrode, or to economize the energy 
by confining the heat. But as such means are not at dis- 
posal, it becomes necessary to place the terminal in a bulb 
and rarefy the air in the same. Thisis done merely to en- 
able the apparatus to perform the work which it is not 
capable of performing at ordinary air pressure. In the 
bulb we are able to intensify the action to any degree—so 
far that the brush emits a powerful light. 

The intensity of the light emitted depends principally on 
the frequency and potential of the impulses, and on the 
electric density on the surface of the electrode. It isof the 
greatest importance to employ the smallest possible button, 
in order to push the density very far. Under the violent 
impact of the mole ales of the gas surrounding it, the 
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small electrode is of course brought to an extremely high 
temperature, but around it is a mass of highly incandescent 
gas, a flame photosphere, many hundred times the volume 
of the electrode. With a diamond, carborundum or zir- 
conia button the photosphere can be as much as one thou- 
sand times the volume of the button. Without much 
reflecting one would think that in pushing so far the in- 
candescence of the electrode it. would be instantly volatil- 
ized. But after a careful consideration he would find that, 
theoretically, it should not occur, and in this fact—which, 
however, is experimentally demonstrated—lies principally 
the future value of such a lamp. 

At first, when the bombardment begins, most of the work 
is performed on the surface of the button, but when a 
highly conducting photosphere is formed the button is 
comparatively relieved. The higher the incandescence of 
the photosphere the more it approaches in conductivity to 
that of the electrode, and the more, therefore, the solid and 
the gas form one conducting body. The consequence is 
that the further is forced the incandescence the more 
work, comparatively, is performed on the gas, and the less 
on the electrode. The formation of a powerful photo- 
sphere is consequently the very means for protecting the 
electrode. This protection, of course, is a relative one, 
and it should not be thought that by pushing the incandes- 
cence higher the electrode is aciually less deteriorated, 
Still, theoretically, with extreme frequencies, this result 
must be reached, but probably at a temperature too high 
for most of the refractory bodies known. Given, then, an 
electrode which can withstand to a very high limit the 
effect of the bombardment and outward strain, it would 
be safe no matter how much it is forced beyond that 
limit. In an incandescent lamp quite different considera- 
tions apply. There the gas is not at all concerned: the 
whole of the work is performed on the filament; and the 
life of the lamp diminishes so rapidly with the increase of 
the degree of ingandescence that economical reasons com- 
pel us to work it at a low incandescence. But if an incan- 
descent lamp is operated with currents of very high fre- 
quency, the action of the gas cannot be neglected, and the 
rules for the most economical working must be consider- 
ably modified. 

In order to bring such a lamp with one or two electrodes 
to a great perfection, it is necessary to employ impulses of 
very high frequency. The high frequency secures, among 
others, two chief advantages, which have a most important 
bearing upon the economy of the light production. First, 
the deterioration of the electrode is reduced by reason of 
the fact that we employ a great many small impacts, in- 
stead of a few violent ones, which shatter quickly the 
structure; secondly, the formation of a large photosphere 
is facilitated. 

In order to reduce the deterioration of the electrode to 
the minimum, it is desirable that the vibration be har- 
monic, for any suddenness hastens the process of destruc- 
tion. An electrode lasts much longer when kept at incan- 
descence by currents, or impulses, obtained from a high- 
frequency alternator, which rise and fall more or less 
harmonically, than by impulses obtained from a disruptive 
discharge coil. In the latter case there is no doubt that 
most of the damage is done by the fundamental sudden 
discharges. 

One of the elements of loss in such a lamp is the bom- 
bardment of the globe. As the potential is very high, the 
molecules are projected with great speed ; they strike the 
glass, and usually excite a strong phosphorescence. The 
effect produced is very pretty, but for economical reasons 
it would be perhaps preferable to prevent, or at least re- 
duce to the minimum, the bombardment against the globe, 
as in such case it is, as a rule, not the object to excite phos- 
phorescence, and as some loss of energy results from the 
bombardment. This loss in the bulb is principally depend- 
ent on the potential of the impulses and on the electric 
density on the surface of the electrode. In employing very 
high frequencies the loss of energy by the bombardment 
is greatly reduced, for, first, the potential needed to per- 
form a given amount of work is much smaller; and, sec- 
ondly, by producing a highly conducting photosphere 
around the electrode, the same result is obtained as though 
the electrode were much larger, which is equivalent to a 
smaller electric density. But be it by the diminution of 
the maximum potential or of the density, the gain is ef- 
fected in the same manner. namely, by avoiding violent 
shocks, which strain the glass much beyond its limit of 
elasticity. If the frequency could be brought high enough, 
the loss due to the imperfect elasticity of the glass would 
be entirely negligible. The loss due to bombardment of 
the globe may, however, be reduced by using two elec- 
trodes instead of one. In such case each of the electrodes 
may be connected to one of the terminals; or else, if it is 
preferable to use only one wire, one electrode may be con- 
nected to one terminal and the other to the ground or to 
an insulated body of some surface, as, for instance, a shade 
on the lamp. In the latter case, unless some judgment is 
used, one of the electrodes might glow more intensely than 
the other. 

But on the whole I find it preferable when using such 
high frequencies to employ only one electrode and one con- 
necting wire. I am convinced that the illumineting device 
of the near future will not require for its operation more 
than one lead, and, at any rate, it will have no leading-in 
wire, since the energy required can be as well transmitted 
through the glass. In experimental bulbs the leading-in 
wire is most generally used on account of convenience, as 
in employing condenser coatings in the manner indicated 
in Fig. 22, for example, there is some difficulty in fitting 
the parts. but these difficulties would not exist if a great 
many bulbs were manufactured; otherwise the energy can 
be conveyed through the glass as well as through a wire, 
and with these high frequencies the losses are very small. 
Such illuminating devices will necessarily involve the use 
of very high potentials. and this, in the eyes of practical 
men, might be an objectionable feature. Yet, in reality, 
high potentials are not objectionable—certainly not in the 
least as far as the safety of the devices is concerned, 

There are two ways of rendering an electric appliance 
safe. One is to use low potentials, the other is to deter 
mine the dimensions of the apparatus so that it is safe no 
matter how high a potential is used. Of the two the latter 
seems to me the better way, for then the safety is absolute, un- 
affected by any possible combination of circumstances which 
might render even a low-potential appliance dangerous to 
life and property. But the practical conditions require not 
only the judicious determination of the dimensions of the 
apparatus ; they likewise necessitate the employment of 
energy of the proper kind. It is easy, for instanve, to con- 


struct a transformer capable of giving, when operated from 

an ordinary altcrnate current machine of low tension, say 

50,000 volts, which might be required to light a highly’ a 
e hig 


hausted phosphorescent tube, so that, in spite of 








high 
cent 
ume 

zir- 
hou- 
uch 
» in- 
atil- 
hat, 
‘ich, 
ally 


vork 
ena 
yn is 
e of 
y to 
and 
‘e is 
nore 
less 
lOto- 
the 
one, 
des- 
ited, 
sult 
high 
, an 
the 
ould 
that 
era- 
the 
the 
e of 
om- 
can- 
fre- 
the 
der- 


odes 
s of 
ong 
tant 
irst, 
1 of 
, in- 
the 
nere 


e to 
har- 
ruc- 
-an- 
igh- 
less 
tive 
that 
den 


om- 
the 
the 
The 
sons 
f re- 
obe, 
hos- 
the 
ond- 
‘tric 
rery 
ent 
per- 
sec - 
rere 
ugh 
tO a 
n of 
_ ef- 
lent 
t of 
igh, 
yuld 
t of 
lec- 
des 
t is 
on- 
r to 
ade 
it is 
han 


uch 
‘on- 
vice 
lore 
-in 
tted 
g-in 
, as 
ited 
ting 
reat 
can 
‘ire, 
all. 
use 
ical 
ity, 
the 


nce 
ter 
= no 
tter 
un- 
lich 
s to 
not 
the 
of 
-on- 
rom 
say 
ex- 
‘igh 


cod 


May 7, 182. 


potential, it is mage | safe, the shock from it producing 
no inconvenience. Still, sucha transformer would be ex- 
pensive, and in itself inefficient; and, besides. what energy 
was obtained from it would not be economically used for 
the production of light. The economy demands the em- 
ployment of energy in the form of extremely rapid 
vibrations. The problem of producing light as 
been likened to that of maintaining a certain high- 
pitch note by means of a bell. It should be said a barely 
audible note; and even these words would not express it, so 
wonderful is the seasitiveness of the eye. We may deliver 
powerful blows at long intervals, waste a good deal of energy, 
and still not get what we want; or we may keep up the note 
by delivering frequent gentle taps, and get nearer to the 
object sought by the expenditure of much less energy. In 
the production of light, as far as the illuminating device is 
concerned, there can be only one rule—that is, to use as high 
frequencies as can be obtained; but the means for the pro- 
duction and conveyance of impulses of such character im- 
pose, at present at least, great limitations. Once it is decided 
to use very high frequencies, the return wire becomes un- 
necessary, and all the appliances are simplified. By the use 
of obvious means the saine result is obtained as though the 
return wire were used. It is sufficient for this purpose to 
bring in contact with the bulb, or merely in the vicinity of 
the same, an insulated body of some surface. The surface 
need, of course, be the smaller, the higher the frequency 
and potential used, and necessarily, also, the higher the 
economy of the lamp or other device. 

This plan of working has been resorted to on several oc- 
casions this evening. So, for instance, when the incandes- 
cence of a button was produced by grasping the bulb with 
the hand, the body of the experimenter merely served to 
intensify the action. The bulb used was similar to that il- 
lustrated in Fig. 19, and the coil was excited to a small po- 
tential, not sufficient to bring the button to incandescence 
when the bulb was hanging from the wire; and incident- 
ally, in order to perform the experiment in a more suitable 
manner, the button was taken so large that a arceptible 
time had to elapse before, upon grasping the bulb, it could 
be rendered incandescent. The contact with the bulb was, 
of course, quite unnecessary. It is easy, by using a rather 
large bulb with an exceedingly small electrode, to adjust 
the conditions so that the latter is brought to bright incan- 
descence by the mere approach of the experimenter within 
a few feet of the bulb, and that the incandescence subsides 
upon his receding. 

In another experiment, when phosphorescence was ex- 
cited, asimilar bulb was used. dove again, originally, the 
potential was not sufficient to excite phosphorescence until 
the action was intensified—in this case, however, to present 
a different feature, by touching the socket with a metallic 
object held in the hand. The electrode in the bulb was a 
carbon button so large that it could not be brought to in- 
candescence, and thereby spoil the effect produced by phos- 
phorescence. 

Again, in another of the early experiments, a bulb was 
used as illustrated in Fig. 12. In this instance, by touching 
the bulb with one or two fingers, one or two shadows of 
the stem inside were projected against the glass, the touch 
of the finger producing the same result as the application 
of an external negative electrode under ordinary circum- 
stances. 

In all these experiments the action was intensified by 
augmenting the capacity at the end of the lead connected 
to the terminal. Asa rule, it is not necessary to resort to 


















25.—IMPROVED 
EXPERIMENTAL 
BULB. 


Fig. 24.—BULB witHoUuT LEADING- FIG. 
IN WIRE, SHOWING EFFECT OF 
PROJECTED MATTER. 


such means, and would be quite unnecessary wiih still 
higher frequencies ; but when it is desired, the bulb, or 
tube, can be easily adapted to the purpose. 

In Fig. 24, for example, an experimental bulb L is shown, 
which is provided with a neck on the oe for the appli- 
cation of an external tinfoil coating, which may be con- 
nected to a body of larger surface. Such a lamp as illus- 
trated in Fig. 25 may also be lighted by connecting the tin- 
foil coating on the neck m to the terminal, and the leading- 
in wire w to an insulated plate. If the bulb stands ina 
socket upright, as shown in the cut, a shade of conducting 
material may be slipped in the neck n, and the action thus 
magnified. 

A more perfected arrangement used in some of these 
bulbs is illustrated in Fig. 26. In this case the construction 
of the bulb is as shown and described before, when refer- 
ence, was made to Fig. 19. A zine sheet Z,Jwith a tubular 
extension 7, is slipped over the metallic socket S. The 
bulb hangs downward from the terminal ¢t, the zinc sheet 
Z, performing the double office of intensifier and reflector. 
The reflector is separated from the terminal ¢ by an exten- 
ion of the insulating plug P. 
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A similar disposition with a phosphorescent tube is illus- 
strated in Fig. 27. The tube Tis prepared from two short 
tubes of a different diameter, which are sealed on the ends. 
On the lower end is placed an outside conducting coating 
C, which connects to the wire w. The wire has a hook on 
the upper end for suspension, and passes through the centre 
of the inside tube, which is filled with some good and 
tightly packed insulator. On the outside of the upper end 
of the tube T is another conducting coating C,, upon which 
is slipped a metallic reflector Z, which should be separated 
by a thick insulation from the end of wire w. 

The economical use of such a reflector or intensifier would 
require that all energy supplied to an air condenser should 
be recoverable, or, in other words, that there should not be 
any losses, neither in the gaseous medium nor through its 
action elsewhere. This is far from being so, but, fortu- 
nately, the losses may be reduced to anything desired. A few 
remarks are necessary on this subject, in order to make the 
experiences gathered in the course of these investigations 
perfectly clear. 

Suppose a small helix with many well insulated turns, as 
in experiment Fig. 17, has one of its ends connected to one 
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of the terminals of the induction coil, and the other toa 
metal plate, or, for the sake of simplicity, a sphere, insu- 
lated in space. When the coil is set to work, the potential 
of the sphere is alternated, and the small helix now be- 
haves as though its free end were connected to the other 
terminal of the induction coil. If an iron rod be held 
within the small helix it is quickly brought to a high tem- 
perature, indicating the passage of a strong current through 
the helix. How does the insulated sphere act in this case ? 
It can be a condenser, storing and returning the energy 
supplied to it, or it can be a mere sink of energy, and the 
conditions of the experiment determine whether it is more 
one or the other. The sphere being charged to a high po- 
tential, it acts indactively upon the surrounding air, or 
whatever gaseous medium there might be. The mole- 
cules; or atoms, which are near the sphere are of course 
more attracted, and move through a greater distance than 
the farther ones. When the nearest molecules strike the 
sphere they are repelled, and collisions occur atall distances 
within the inductive action of the sphere. It is now clear 
that, if the potential be steady, but little loss of energy can 
be caused in this way, for the molecules which are nearest 
to the sphere, having had an additional charge imparted to 
them by contact, are not attracted until they have parted, if 
not with all, atleast with most of the additional charge,which 
can be accomplished only after « great many collisions. 
From the fact that with a steady potential there is but little 
loss in dry air, one must come to such a conclusion. When 
the potential of the sphere, instead of being steady, is alter- 
nating, the conditions are entirely different. In this case a 
rhythmical bombardment occurs, no matter whether the 
molecules after coming in contact with the sphere lose the 
imparted charge or not; what is more, if the charge is not 
lost, the impacts are only the more violent. Still if the 
frequency of the impulses be very small, the loss caused by 
the impacts and collisions would not be serious unless the 
potential were excessive. But when extremely high frequen- 
cies and more or less high potentials are used, the loss may be 
very great. The total energy lost per unit of time is propor- 
tionate to the product of the number of impacts per 
second, or the frequency and the energy lost in each 
impact. But the energy of an impact must be propor- 
tionate to the square of the electric density of the 
\\ sphere, since the charge imparted to the molecule is 

L proportionate to that density. 1 conclude from this that 
the total energy lost must be proportionate to the pro- 
duct of the frequency and the square of the electric 
density; but this law needs experimental confirmation. 
Assuming the preceding considerations to be true, then, 
b; rapidly alternating the potential of a body immersed 
in an insulating gaseous medium, any amount of energy 
may be dissipated into space. Most of that energy 
then, I believe, is not dissipated in the form of long ether 
waves, propagated to considerable distance, as is thought 
most generally, but isconsumed—in the case of an insulated 
sphere, for example—in impact and collisional losses—that 
is, heat vibrations—on the surface and in the vicinity of 
the sphere. To reduce the dissipation it is necessary to 
“ork with a small electric density—the smaller the higher 
the frequency. 

But since, on the assumption before made, the loss is 
diminished with the square of the density, and since cur- 
rents of very high frequencies involve considerable waste 
when transmitted through conductors, it follows that, on 
the whole, it is better to employ one wire than two. 
Therefore, if motors, lamps, or devices of any kind are 
perfected, capable of being advantageously operated by 
currents of extremely high frequency, economical reasons 
will make it advisable to use only one wire, especially if 
the distances are great. 

When energy is absorbed in a condenser the same _ be- 
haves as though its capacity were increased. Absorption 
always exists more or less, but generally it is small and of 
no consequence as long as the frequencies are not very 
great. In using extremely high frequencies, and, neces- 
sarily in such case. also high potentials, the absorption— 
or, what is here meant more particularly by this term, the 
loss of energy due to the presence of a gaseous medium—is 
an important factor to be considered, as the energy absorbed 
in the air condenser may be any fraction of the supplied 
energy. This would seem to make it very difficult to tell from 
the measured or computed capacity of an air condenser its 
actual capacity or vibration period, especially if the con- 
denser is of very small surface and is charged to a very bigh 
potential. As many important results are dependent upon 
the correctness of the estimation of the vibration a 
this subject demands the most careful scrutiny of other in- 
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vestigators. To reduce the probable error as much as 
possible in experiments of the kind alluded to, it is 
advisable to use spheres or plates of large surface, 
so as to make the density exceedingly small. 
Otherwise, when it is practicable, an oil condenser should 
be used in preference. Jn oil or other liquid dielectrics 
there are seemingly no such losses as in gaseous media, It 
being impossible to exclude entirely the gas in condensers 
with solid dielectrics, such condensers should be immersed 
in oil, for economical reasons if nothing else; they can then 
be strained to the utmost and will remain cool, In Leyden 
jars the loss due to air is comparatively small, as the tin- 
foil coatings are large, close together, and the charged 

surfaces not directly exposed; but when the potentials are 
very high, the loss may be more or less considerable at, or 
near, the upper edge of the foil, wherethe air is_princi- 

yally acted upon. If the jar be immersed in boiled-out oil, 

it will be capable of performing four times the amount of 
work which it can for any length of time when used in the 
ordinary way, and the loss will be inappreciable. 

It should not be thought that the loss in heat in an air 
condenser is necessarily associated with the formation of 
visible streams or brushes. If a small electrode, inclosed 
in an unexhausted bulb, is connected to one of the ter- 
minals of the coil, streams can be seen to issue from the 
electrode and the air in the bulb is heated; if, instead of a 
small electrode, a large sphere is inclosed in the bulb, no 
streams are observed, still the air is heated. 

Nor should it be thought that the temperature of an air 
condenser would give even an approximate idea of the 
loss in heat incurred, as in such case heat must be given 
off much more quickly, since there is, in addition to the 
ordinary radiation, a very active carrying away of heat by 
independent carriers going on, and since not only the ap- 
paratus, but the air at some distance from it is heated in 
consequence of the collisions which must occur. : 

Owing to this, in experiments with such a coil, a rise of 
temperature can be distinctly observed only when the body 
connected to the coil is very small. But with aan on 
a larger scale, even a body of considerable bulk would be 
heated, as, for instance, the body of a person ; and I think 
that skilled physicians might make observations of utility 
in such experiments, which, if the apparatus were judi- 
ciously designed, would not present the slightest danger. 

A question of some interest, principally to meteorologists, 
presents itself here. How does the earth behave? The 
earth is an air condenser, but it is a perfect or a very im- 
perfect one—a mere sink of energy ? There can be little 
doubt that to such small disturbance as might be caused in 
an experiment the earth behaves as an almost perfect con- 
denser. But it might be different when its charge is set in 
vibration by some sudden disturbance occurring in the 
heavens. Insuch case, as before stated, probably only 
little of the energy of the vibrations set up would be lost 
into space in the form of long ether radiations, but most of 
the energy, I think, would spend itself in molecular im- 
pacts and collisions, and pass off into space in the form of 
short heat, and possibly light, waves. As both the fre- 
quency of the vibrations of the charge and the potential are 
in all probability excessive, the energy converted into heat 
may be considerable. Since the density must be unevenly 
distributed, either in consequence of the irregularity of the 
earth’s surface, or on account of the condition of the at- 
mosphere in various places, the effect produced would ac- 
cordingly vary from place to place. Considerable varia- 
tions in the temperature and pressure of the atmosphere 
may in this manner be caused at any point of the surface 
of the earth. The variations may be gradual or very sud- 
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F1G. 27.—PHOSPHORESCENT ‘(TUBE WITH LNTENSIFYING 
REFLECTOR, 
den, according to the nature of the general disturbance, 
and may produce rain and storms, or locally modify the 
weather in any way. 

From the remarks before made one may see what an im- 
portant factor of loss the air in the neighborhood of a 
charged surface becomes when the electric density is great 
and the frequency of the impulses excessive. But the 
action as wxtleined implies that the air is insulating—that 
is, that it is composed of independent carriers immersed in 
an insulating medium. This is the case only when the air 
is at something like ordinary or greater, or at extremely 
small, pressure. When the air is slightly rarefied and con 
ducting, then true conduction losses occur also. In such case, 
of course, considerable energy may be dissipated into space 
even with a steady potential, or with impulses of low fre- 
quency, if the density is very great. 

When the gas is at very low pressure, an electrode is 
heated more because higher ae can be reached. If the 
gas around the electrode is strongly compressed, the dis- 
placements, and consequently the speeds, are very small, 
and the heating is insignificant. But if in such case the 
frequency could be sufficiently increased, the electrode 
would be brought to a high temperature as well as if the 
gas were at very low pressure; in fact, exhausting the bulb 
is only necessary because we cannot produce (and possibly 
not convey) currents of the required frequency. 

Returning to the subject of elenteods lamps, it is ob- 
viously of advantage in such a lamp to confine as much as 
possible the heat to the electrode by preventing the circula- 
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tion of the gas in the bulb. If a very small bulb be taken. 
it would confine the heat better than a large one, but it 
might not be of sufficient capacity to be operated trom the 
coil, or, if so, the glass might get too hot. A simple way 
to improve in this direction is to employ a globe of the re- 
quired size, but to place a small bulb, the diameter of which 
is properly estimated, over the refractory button contained 
in the globe. This arrangement is illustrated in Fig. 28. 

The globe L has in this case a large neck n, allowing 
the small bulb & to slip through. Otherwise the construc- 
tion is the same as shown in Fig. 18, f.r example. The 
small bulb is conveniently supported upon the stem 8, car- 
rying therefractory button m. It is separated from the 
aluminium tube @ by several layers of mica M, in order 
to prevent the cracking of the neck by the rapid heating cf 
the aluminium tube upon a sudden turning on of the cur- 
rent. The inside bulb should be as small as possible when 
it is desired to obtain light only by incandescence of the 
electrode. If it isdesired to produce phosphorescence, the 
bulb should be larger, else it- would be apt to get too hot, 
and the phosphorescence would cease, In this arrange- 
ment usually only the small bulb shows phosphorescence, 
as there is practically no bombardment against the outer 
globe. In some of these bulbs constructed as illustrated in 
Fig. 28 the small tube was coated with phosphorescent 
paint, and beautiful effects were obtained. Instead of mak- 
ing the inside bulb large, in order to avoid undue heating, 
it answers the purpose to make the electrode m larger. In 
this case the bombardment is weakened by reason of the 
smaller electric density. 

Many bulbs were constructed on the’plan illustrated in 
Fig. 29. Here a small bulb b, containing the refractory 
button m, upon being exhausted toa very high degree was 
sealed in a large globe L, which was then moderately ex- 
hausted and sealed off. The principal advantage of this con- 
struction was that it allowed of reaching extremely high 
vacua, and, at the same time usealarge bulb. It was found, 
in the course of experiences with bulbs such as illustrated in 
Fig. 29, that it was well to make the stems near the seal 
at e very thick, and the leading-in wire w thin, as it oc- 
curred sometimes that the stem at e was heated and the 
bulb was cracked. Often the outer giobe L was exhausted 
only just enough to allow the discharge to pass through, 
and the space between the bulbs appeared crimson, pro 
ducing a curious effect. In some cases, when the exhaus- 
tion in globe L was very low, and the air good conductiag, 
it was found necessary, in order to bring the button m to 
high incandescence, to place, preferably on the upper part 
of the neck of the globe, a tinfoil coating which was con- 
nected to an insulated body, to the ground, or to the other 
terminal of the coil, as the highly conducting air weak- 
ened the effect somewhat, probably by being acted upon 
inductively from the wire w, where it entered the bulb at 
e. Another difficulty—which, however, is always present 
when the refractory button is mounted in a very small bulb 
—existed in the construction illustrated in Fig. 29, namely, 
the vacuum in the bulb 6 would be impaired in a com- 
paratively short time. 

The chief idea in the twolast described constructions was 
to confine the heat to the central portion of the globe by 
preventing the exchange of air. Anadvantage is secured, 
but owing to the heating of the inside bulb and slow evap- 
oration of the glass the vacuum is hard to maintain, even 
if the construction illustrated in Fig. 28 be chosen, in 
which both bulbs communicate. 

But by far the better way—the ideal way—-would be to reach 
sufficiently high frequencies. The higher the frequency 
the slower would be the exchange of the air, and 1 think 
that a frequency may be reached at which there would be 
no exchange whatever of the air molecules around the ter- 
minal. We would then produce a flame in which there 
would be no carrying away of material, and a queer flame 
it would be, for 1t would be rigid! With such high fre- 
quencies the inertia of the particles would come into vlay. 
As the brush, or flame, would gain rigidity in virtue of the 
inertia of the particles, the exchange of the latter would 
be prevented, This would necessarily occur, for, the num- 
ber of the impulses being augmented, the potential energy 
of each would diminish, so that finally oniy atomic vibra- 
tions could be set up, and the motion of translation through 
measurable space would cease, Thus an ordinary gas burner 
connected to a source of rapidly alternating potential might 
have its efficiency augmented toa certain limit. and this for 
two reasons—because of the additional vibration imparted, 
and because of a slowing down of the process of carrying 
off. But the renewal being rendered ditticult, and renewal 
being necessary to maintain the burner, a continued in- 
crease of the frequency of the impulses, assuming they 
could be transmitted to and impressed upon the flame, 
would result in the ** extinction” of the latter, meaning by 
this term only the cessation of the chemical process. ’ 

I think, however, that in the case of an electrode im- 
mersed in a fluid insulating medium, and surrounded by 
independent carriers of electric charges, which can be acted 
upon inductively, a sufticiently high frequency of the im- 
pulses would probably result in a gravitation of the gas all 
around toward the electrode. For this it would be only 
necessary to assume that the independent bodies are 
irregularly shaped; they would then turn toward the elec- 
trode their side of the greatest electric density, and this 
would be a position in which the fluid resistance to ap- 
proach would be smaller than that offered to the receding. 

The general opinion, I do not doubt, is that itis out of the 
question to reach any such frequencies as might—assuming 
some of the views before expressed to be true—produce any 
of the results which I have pointed out as mere possibilities. 
This may be so, but in the course of these investigations, 
from the observation of many phenomena I have gained 
the conviction that these frequencies would be much lower 
than one is apt to estimate at first. In a tlame we set up 
light vibrations by causing molecules, or atoms, to collide. 
But what is the ratio of the frequency of the collisions and 
that of the vibrations set up? Certainly it must be incom- 
parably smaller than that of the knocks of the bell and the 
sound vibrations, or that of the discharges and the oscilla- 
tions of thecondenser. We may cause the molecules of the 
gas to collide by the use of alternate electric impulses of 
high frequency, and so we may imitate the process in a 
flame ; and from experiments with frequencies which we 
are now able to obtain, I think tha the result is producible 
with impulses which are transmissible through a con- 
ductor. 

In connection with thoughts of a similar nature, it ap- 
peared to me of great interest to demonstrate the rigidity 
of a vibrating gaseous column, Although with such low 
frequencies as, say 10,000 per second, which I was able to 
obtain without difficulty from a specially constructed 
alternator, the task looked discouraging at first, I made a 
series of experiments. The trials with air at ordinary press- 
ure led to no result, but with air moderately rarefied I 
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obtain what I think to be an unmistakable experimental 
evidence of the property sought for. As a result of this 
kind might lead able investigators to conclusions of im- 
portance I will describe one of the experiments performed. 

It is well known that when a tube is slightly exhausted 
the discharge may be passed through it in the form of a 
thin luminous thread. When produced with currents of low 
frequency, obtained from a coil operated as usual, this 
thread is inert. If a magnet be approached to it. the part 
near the same is attracted or camatieds according to the di- 
rection of the lines of force of the magnet. It occurred to 
me that if such a thread would be produced with currents 
of very high frequency, it should be more or less rigid, and 
as it was visible it could be easily studied. Accordingly I 
prepared a tube about 1 inch in diameter and 1 metre long, 
with outside coating at eachend. The tube was exhausted 
to a point at which by a little working the thread discharge 
could be obtained. It must be remarked here that the 
general aspect of the tube, and the degree of exhaus- 
tion, are quite different than when ordinary low fre- 
quency currents are used. As it was found prefer- 
able to work with one terminal, the tube prepared 
was suspended from the end of a wire connected to the 
terminal, the tinfoil coating being connected to the wire, 
and to the lower coating sometimes a small insulated 
plate was attached. When the thread was formed it ex- 
tended through the upper part of the tube and lost itself in 
the lower end. If it possessed rigidity it resembled, not 
exactly an elastic cord stretched tight between two sup- 
ports, but a cord suspended from a height with a small 
weight attache] at the end. When the finger or a magnet 
was approached to the upper end of the luminous thread, it 
could be brought locally out of position by electrostatic or 
magnetic action ; and when the disturbing object was very 
quickly removed, an analogous result was produced, as 
though a suspended cord would be displaced and quickly 
released near the point of suspension. In doing this the 
Juminous thread was set in vibration, and two very sharply 
marked nodes, and a third indistinct one, were formed. 
The vibration, once set up, continued for fully eight 
minutes, dying gradually out. The ~~ of the vibration 
often varied perceptibly, and it could be observed that 
the electrostatic attraction of the glass affected the 
vibrating thread; but it was clear that the electro- 
static action was not the cause of the vibration, for 
the thread was most generally stationary, and could 
always be set in vibration by passing the tinger quickly 
near the upper part of the tube. With a magnet the 
thread could be split in two and both parts vibrated. By 
approaching the hand to the lower coating of the tube, 
or insulated plate if attached, the vibration was quickened; 
also, as far as I could see, by raising the potential or fre- 
quency. Thus, either increasing the frequency or passing 
a stronger discharge of the same frequency corresponded to 
a tightening of the cord. I did not obtain any experimental 
evidence with condenser discharges. A luminous band ex- 
cited in a bulb by repeated discharges of a Leyden jar must 
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possess rigidity, and if deformed and suddenly release 
should vibrate. But probably the amount of vibrating mat- 
ter is so small that in spite of the extreme speed the inertia 
cannot prominently assert itself. Besides, the observation 
in such a case is rendered extremely difficult on account of 
the fundamental vibration. 

The demonstration of the fact—which still needs better 
experimental confirmation—that a vibrating gaseous col- 
umn possesses rigidity, might greatly modify the views of 
thinkers. When with low frequencies and insignificant 
potentials indications of that property may be noted. how 
must a gaseous medium behave under the influence of enor- 
mous electrostatic stresses which may be active in the inter- 
stellar space, and which may alternate with inconceivable 
rapidity? The existence of such an electrostatic, rhyth- 
mically throbbing force —of a vibrating electrostatic field— 
would show a possible way how solids might have formed 
from the ultra-gaseous uterus, and how transverse and all 
kinds of vibrations may be transmitted through a gaseous 
medium filling all space. Then, ether might be a true 
fluid, devoid of rigidity, and at rest, it being merely neces- 
sary as a connecting link to enable interaction. What de- 
termines the rigidity of a body? It must be the speed and 
the amount of moving matter. Ina gas the ool may be 
considerable, but the density is exceedingly small; in a 
liquid the speed would be likely to be small, though the 
density may be considerable ; and in both cases the inertia 
resistance offered to displacement is practically nil. But 
place a gaseous (or liquid) column in an intense, rapidly 
alternating electrostatic field, set the particles vibrating 
with enormous speeds, then the inertia resistance asserts it- 
self, A body might move with more or less freedom through 
the vibrating mass, but as a whole it would be rigid. 

There is a subject which I must mention in connection 
with these experiments : it is that of high vacua. This is a 
subject the study of which is not only interesting, but use- 
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ful, for it may lead to results of great. practical importance. 
In commercial apparatus, such as incandescent lamps, 
operated from ordinary systems of distribution, a much 
higher vacuum than obtained at present would not secure a 
very great advantage. [n such a case the work is performed 
on the filament and the gas is little concerned; the improve- 
ment, therefore, would be but trifling. But when we be- 
gin to use very high frequencies and _ potentials, the action 
of the gas becomes all important, and the degree of exhaus- 
tion materially modifies the results. As.long as ordinary 
coils, even very large ones. were used, the study of the 
subject was limited, because just at a point when it became 
most interesting it had to be interrupted on account of the 
‘‘non-striking” vacuum being reached. But presently we 
are able to obtain from a small asa. oa discharge 
coil potentials much higher than .even the largest coil 
was capable of giving, and, what is more, we can make the 
potential alternate with great rapidity. Both of these results 
enable us now to pass a luminous discharge through almost 
any vacua obtainable, and the field of our investigations 1s 
greatly extended. Think we as we may, of all the possible 
directions to develop a practical illuminant, the line of high 
vacua seems to be the most promising at present. But to 
reach extreme vacua the appliances must be much more 
improved, and ultimate perfection will not be attained 
until we shall have discarded the mechanical and perfected 
an electrical vacuum pump. Molecules and atoms can be 
thrown out of a bulb under the action of an enormous 
potential : this will be the principle of the vacuum pump 
of thefuture. For the present, we must secure the best 
results we can with mechanical appliances. In this respect, 
it might not be out of the way to say a few words about 
the method of, and apparatus for, producing excessively 
high degrees of exhaustion of which I have availed myself 
in the course of these investigations. It is very probable 
that other experimenters have used similar arrangements . 
but as it is possible that there may be an item of interest In 
their description, a few remarks, which will render this 
investigation more complete, might be permitted. _ x 

The apparatus is illustrated in a drawing shown in Fig. 
30. S represents a Sprengel pump, which has been 
specially constructed to better suit the work required. The 
stop-cock'which is usually employed has been omitted, and 
instead of it a hollow stopper s has been fitted in the neck 
of the reservoir R. This stopper has a small hole h, 
through which the mercury descends; the size of the outlet 
o being properly determined with respect to the section of 
the fall tube ¢, which is sealed to the reservoir instead of 
being connected to itin the usual manner. This arrange- 
ment overcomes the imperfections and troubles which often 
arise from the use of the stopcock on the reservoir and the 
connection of che latter with the fall tube. 

The pump is connected through a U-shaped tube ¢ to a 
very large reservoir R,. Especial care was taken in fitting 
the grinding surfaces of the stoppers p and p,, and both of 
these and the mereury caps above them were made excep- 
tionally long. After the U-shaped tube was fitted and put 
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in place, it was heated, so as to soften and take off the 
strain resulting from imperfect fitting. The U-shaped tube 
was provided with a stopcock C, and two ground connec- 
tions g and g,—one for a small bulb b, usually containing 
causuc potash, and the other for the receiver 7, to be 
exhausted. 

The reservoir R, was connected by means of a rubber 
tube to a slightly larger reservoir R,, each of the two 
reservoirs being provided with a stopeock C, and C,, re- 
spectively. The reservoir R, could be raised and lowered 
by a wheel and rack, and the range of its motion was so 
determined that when it was filled with mercury and the 
stopcock C, closed, so as to form a Torricellian vacuum in 
it when raised, it could be lifted so high that the mercury 
in reservoir R, would stand a little above stopcock C, ; 
and when this stopcock was closed and the reservoir 
R, descended, so as to form a Torricellian vacuum in 
reservoir R,, it could be lowered so far as to completely 
empty the latter, the mercury filling the reservoir R, up 
to a little above stopcock Q,. 

The capacity of the pump and of the connections was 
taken as small as possible relatively to the volume of reser- 
voir, R,, since, of course, the degree of exhaustion depend- 
ed upon the ratio of these quantities. 

With this apparatus I combined the usual means indi- 
cated by former experiments for the production of very 
high vacua. In most of the experiments it was convenient 
to use caustic potash. I may venture to say, in regard to 
its use, that much time is saved anda more perfect action 
of the pump insured by fusing and boiling the potash as 
soon as, or even before, the pump settles down. If this 
course is not followed the sticks, as ordinarily employed, 
may give moisture off at a certain very slow rate, and the 
ee may work for many hours without reaching a very 
1igh vacuum, The potash was heated either_by a spirit 
lamp or by passing a discharge through it, or by passing a 
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current through a wire contained in it. The advantage in 
the latter case was that the heating could be more rapidly 


oe 
erally the process of exhaustion was the following:— 
At the start, the stop-cocks C and C, being open, and all 
other connections closed, the reservoir R, was raised so far 
that the mercury filled the reservoir R, and a part of the 
narrow connecting U-shaped tube. When the pump was 
set to work, the mercury would, of course, quickly rise in 
the tube, and tiervelr 12 was lowered, the experimenter 
keeping the mercury at about the same level. The reser- 
voir R, was balanced by a long spring which facilitated the 
operation, and the friction of the parts was generally suf- 
ficient to keep it almost in any position. When the Sprengel 
ump had done its work, the reservoir R, was further 
lowered and the mercury descended in R, and filled R,, 
whereupon stopcock C, was closed. The air adhering to 
the walls of R, and that absorbed by the mercury was car- 
ried off, and to free the mercury of all air the reservoir R, 
was for a long time worked up and down. During this proc- 
ess some air, which would gather below stopcock C,, was 
expelled from R, by lowering it far enough and open- 
ing the stopcock, closing the latter again before 
raising the reservoir. hen all the air had been 
expelled from the mercury, and no air would gather in 
R, when it was lowered, the caustic potash was resorted to. 
The reservoir R, was now again raised until the mercury 
in R, stood above stopcock C,. The caustic potash was 
fused and boiled, and the moisture partly carried off by the 
pump and partly re-absorbed; and this process of heating 
and cooling was repeated many times, and each time, upon 
the moisture being absorbed or carried off, the reservoir 
Ri, was for a long time raised and lowered. In this man- 
ner all the moisture was carried off from the mercury, and 
both the reservoirs were in proper condition to be used. 
The reservoir R, was then again raised to the top, and the 
pump was kept working for a long time. When the high- 
est vacuum obtainable with the pump had been reached 
the potash bulb was usually hor with cotton which 
was sprinkled with etherso as to keep the potash at a very 
low temperature, then the reservoir R, was lowered, and 
pe art reservoir R, being emptied the receiver r was quickly 
sealed up. 

Whés's new bulb was put on, the mercury was always 
raised above stopcock C,, which was closed, so as to 
always keep the mercury and both the reservoirs in fine 
condition, and the mercury was never withdrawn from R, 
except when the pump had reached the highest degree of 
exhaustion. It is necessary to observe this rule if it is 
desired to use the apparatus to advantage. 

By means of this arrangement I was able to proceed very 
quickly, and when the apparatus was in perfect order it was 

ible to reach the phosphorescent stage in a small bulb 
in less than 15 minutes, which is certainly very quick work 
for a small laboratory arrangement requiring all in all about 
100 pounds of mercury. With ordinary small bulbs the ratio 
of the capacity of the pump, receiver, and cornections, and 
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that of reservoir R was about 1-20, and the degrees of exhaus- 
tion reached were necessarily very high, though I am unable 
to make a precise and reliable statement how far the ex- 
haustion was carried. 

What impresses the investigator most in the course of 
these experiences is the behavior of gases when subjected 
to great rapidly alternating electrostatic stresses. ut he 
must remain in doubt as to whether the effects observed 
are due wholly to the molecules, or atoms, of the gas which 
chemical analysis discloses to us, or whether there enters 
into play another medium of a gaseous nature, comprising 
atoms, or molecules, immersed in a fluid pervading the 
space. Such a medium surely must exist, and I am con- 
vinced that, for instance, even if air were absent, the sur- 
face and neighborhood of a body in space would be heated 
by sagen alternating the potential of the body; but no 
such heating of the surface or neighborhood could occur if 
all free atoms were removed and only a homogeneous, in- 
compressible, and elastic fluid—such as ether is supposed to 
be—would remain, for then there would be no impacts, no 
collisions. In such a case, as far as the body itself is con- 
cerned, only frictional losses in the inside could occur. 

It is a striking fact that the discharge through a gas is 
established with ever increasing freedom as the frequency 
of the impulses is augmented. It behaves in this respect 
quite contrarily to a metallic conductor. In the latter the 
Impedance enters prominently into play as the frequency 
is increased, but the gas acts much as a seriesof conden- 
sers would; the facility with which the discharge passes 
through seems to depend on the rate of change of potential. 
If it act so, then in a vacuum tube even of great length, and 
no matter how strong the current, self-induction could not 
assert itself to any appreciable degree. We have, then, as 
far as we can now see, in the gas a conductor which is capa- 
ble of transmitting electric impulses of any frequency which 
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we may be able to produce. Could the frequency be brought 
high enough, then a queer system of electric distribution, 
which would be likely to interest gas companies, might be re- 
alized : metal pipes filled with gas—the metal being the in- 
sulator, the gas the conductor—supplying phosphorescent 
bulbs, or perhaps devices as yetuninvented. Itis certainly 
possible to take a hollow core of copper, rarefy the gas in 
thesaine, and by passing impulses of sufficiently high fre- 
quency through a circuit around it, bring the gas inside to 
a high degree of incandescence; but as to the nature of the 
forces there would be considerable uncertainty, for it would 
be doubtful whether with such impulses the copper core 
would act as a static screen. Such paradoxes and apparent 
impossibilities we encounter at every step in this line of 
work, and therein lies, to a great extent, the charm of the 
study. 
I cove here a short and wide tube which is exhausted to 

a high degree and covered with a substantial coating of 
bronze, the coating allowing barely the light to shine 
through. A metallic clasp, with a hook for suspending the 
tube, is fastened around the middle portion of the latter, 
the clasp being in contact with the bronze coating. I now 
want to light the gas inside by suspending the tube on a 
wire connected to the coil. Any one who would try the 
experiment for the first time, not having any previous ex 
perience, would probably take care to be quite alone when 
making the trial, for fear that he might become the joke of 
his assistants. Still, the bulb lights in spite of the metal 
coating, and the light can be distinctly perceived 
through the latter. A long tube covered with aluminium 
bronze lights when held in one hand—the other 
touching the terminal of the coil—quite powerfully. It 
might be objected that the coatings are not sufficiently 
conducting ; still, even if they were highly resistant, they 
ought to screen the gas. They certainly screen it perfectly 
in a condition of rest, but not by far perfectly when the 
charge is surging in the coating. But the loss of energy 
which occurs within the tube, notwithstanding the screen, 
is occasioned principally by the presence of the gas. Were 
we to take a large hollow metallic sphere and fill it with a 
verfect incompressible fluid dielectric, there would be no 
so inside of the sphere, and consequently the inside 
might be considered as perfectly screened, though the 
potential be very rapidly alternating. Even were th 

sphere filled with oil, the loss would be incomparably 
smaller than when the fluid is replaced by a gas, for in the 
latter case the force produces displacements; that means 
impact and collisions in the inside. 

o matter what the pressure of the gas may be, it be- 
comes an important factor in the heating of a conductor 
when the electric density is great and the frequency very 
high. Thatin the heating of conductors by lightning dis- 
charges air is an element of great oo is almost as 
certain as an experimental fact. may illustrate the 
action of the air by the following experiment: I take a 
short tube which is exhausted to a moderate degree and has 
a platinum wire running through the middle from one end 
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to the other. I pass a steady or low frequency current 

through the wire, and it is heated uniformly in all parts. 

The heating here is due to conduction, or frictional losses, 

and the gas around the wire has—as far as we can see--no 

function to perform. But now let me pass sudden dis- 
charges, or a high frequency current, through the wire. 

Again the wire is heated, this time principally on the ends 

and least in the middle portion; oot if the frequency of the 

impulses, or the rate of change, is high enough, the wire 
might as well be cut in the middleas not, for practically 
all the heating is due to the rarefied gas. Here the 
gas might only act as a conductor of no impedance 
diverting the current from the wire as the impedance of 
the latter is enormously increased, and merely heating the 
ends of the wire by reason of their resistance to the passage 
of the discharge. But it is not at all necessary that the gas 
in the tube should be conducting; it might be at an ex- 
tremely low preewe, still the ends of the wire would be 
heated—as, however, is ascertained by experience—only 
the two ends would in such case not be electrically con- 
nected through the gaseous medium. Now what with 
these frequencies and potentials occurs in an exhausted 
tube occurs in the lightning discharges at ordinary pressure. 
We only need remember one of the facts arrived at in the 
course of these investigations, namely, that to impulses of 
very high frequency the gas at ordinary pressure behaves 
much in the same manner as though it were at moderately 
low pressure. I think that in lightning discharges fre- 
quently wires or conducting objects are volatilized merely 

because air is present, and that, were the conductor im- 

mersed in an insulating liquid, it would be safe, for then 

the energy would have to spend itself somewhere else. 

From the behavior of gases to sudden impulses of high po- 

tential I am led to conclude that there can be no surer way 

of diverting a lightning dischurge than by affording it a 
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wener through a volume of gas, if such a thing can be 
one in a practical manner. 

There are two more features upon which I think it neces- 
sary to dwell in connection with these experiments—the 
‘* radiant state” and the ‘‘ non-striking vacuum.” 

Any one who has studied Crookes’ work must have re- 
ceived the impression that the ‘‘ radiant state” is a propert 
of the gas inseparably connected with an extremely hig 
degree of exhaustion. But it should be remembered that 
the phenomena observed in an exhausted vessel are limited 
to the character and capacity of the apparatus which is 
made use of. I think that in a bulb a molecule, or atom, 
does not precisely move in a straight line because it meets 
no obstacle, but because the velocity imparted to it is suffi- 
cient to propel it in a sensibly straight line. The mean free 
path is one thing, but the velocity—the energy associated 
with the moving body-—is another, and under ordinary cir- 
cumstances I believe that it is a mere question of potential 
or speed, A disruptive discharge coil, when the potential 
is pushed very far, excites phosphorescence and projects 
shadows, at comparatively low degrees of exhaustion. In 
a lightning discharge, matter moves in straight lines at 
ordinary pressure when the mean free path is exceedingly 
small, and frequently images of wires or other metallic 
objects have been produced by the particles thrown off in 
straight lines. 

I have prepared a bulb to illustrate by an experiment 
the correctness of these assertions. Ina globe L (Fig. 31) 
I have mounted upon a lamp filament fa piece of lime 1. 
The lamp filament is connected with a wire which leads 
into the bulb, and the general construction of the latter is 
as indicated in Fig. 19, befcre described. The bulb being 
suspended from a wire connected to the terminal of the 
coil, and the latter being set to work. the lime piece / and 
the projecting parts of the filament f are bombarded. The 
degree of exhaustion is just such that with the potential 
the coil is capable of giving phosphorescence of the glass 
is produced, but disappears as soon as the vacuum is 
impaired. The lime containing moisture, and moisture 
being given off as soon as heating occurs, the phospho. 
rescence lasts only for a few moments. When the lime 
has been sufficiently heated, enough moisture has been 
given off to impair materially the vacuum of the bulb. 
As the bombardment goes on, one point of the lime piece 
is more heated than other points, and the result is that 
finally practically all the discharge passes through that 
point which is intensely heated, and a white stream of lime 
particles (Fig. 31) then breaks forth from that point. This 
stream is composed of ‘‘ radiant” matter, yet the degree of 
exhaustion is low. But the particles move in straight lines 
because the velocity imparted to them is great, and this is 
due to three causes—to the great electric density, the high 
temperature of the small peint, and the fact that the par- 
ticles of the lime are easily torn and thrown off—far more 
easily than those of carbon. With frequencies such as we 
are ab e to obtain, the particles are bodily thrown off and 
projected to a considerable distance; but with sufficiently 
high frequencies no such thing would occur: in such case 
only a stress would spread or a vibration would be propaga- 
gated through the bulb It would be out of the question to 
reach any such frequency on the assumption that the 
atoms move with the speed of light; but I believe that such 
a thing is impossible; for this an enormous potential 
would be required. With potentials which we are able to 
obtain, even with a disruptive discharge coil, the speed 
must be quite insignificant. 

As to the ‘‘non-striking vacuum,” the point to be noted 
is that it can occur only with low frequency impulses, and 
it is necessitated by the impossibility of carrying off enough 
energy with such impulses in high vacuum since the few 
atoms which are around the terminal upon coming in con- 
tact with the same are repelled and kept ata distance for a 
comparatively long period of time, and not enough work 
can be performed to render the effect perceptible to the 
eye. If the difference of potential between the terminals 
is raised, the dielectric breaks down. But with very high 
frequency impulses there is no necessity for such breaking 
down, since any amount of work can be performed by con- 
tinually agitating the atoms in the exhausted vessel, provided 
the frequency is high enough. It is easy to reach—even 
with frequencies ob'ained from an alternator as here used— 
a stage at which the discharge does not pass between two 
electrodes in a narrow tube, each of these being connected 
to one of the terminals of the coil, but it is difficult to reach 
a point at which a luminous discharge would not occur 
around each electrode. 

A thought which naturally presents itself in connection 
with high frequency currents, is to make use of their pow- 
erful electro-dynamic inductive action to produce light 
effects in a sealed glass globe. The leading-in wire is one 
of the defects of the present incandescent lamp, and if po 
other improvement were made, that imperfection at least 
should be done away with. Following this thought, [ have 
carried on experiments in various directions, of which 
some were indicated in my former paper. I may here 
mention one or two more lines of experiment which have 
been followed up. 

‘ mnas bulbs were constructed as shown in Fig. 32 and 

‘ig. 33. 

In Fig. 32a wide tube 7 was sealed to a smaller W- 
shaped tube U, of phosphorescent glass. Inthe tube 7’ 
was placed a coil C of aluminium wire, the ends of which 
were provided with small spheres ¢ and ¢, of aluminium, 
and reached into the U tube. The tube 7’ was slipped into 
a socket containing a primary coil through which 
usually the discharges of Leyden jars were directed, and 
the rarefied gas in the small U tube was excited to stron 
luminosity by the high-tension currents induced in the coi 
C. When Leyden jar discharges were used to induce cur- 
rents in the coil C, it was found nevessary to pack the tube 
T tightly with insulating powder, as a discharge would 
occur frequently between the turns of the coil, especially 
when the primary was thick and the air gap, through 
which the jais discharged, large, and no little trouble was 
cxpeemenees in this way. 

n Fig. 33 is illustrated another form of the bulb con- 
structed. In this case a tube 7 is sealed to a globe L. 
The tube contains a coil C, the ends of which pass through 
two small glass tubes ¢t and ¢,, which are sealed to the 
tube 7. Two refractory buttons mand m, are mounted 
on lamp filaments which are fastened to the ends of the 
wires passing through the glass tubes ¢ and ¢,. Generally 
in bulbs made on this plan the globe L communicated with 
the tube 7. For this purpose the ends of thesmall tubes 
tand?t, were just a trifle heated in the burner, merely to 
hold the wires, but not to interfere with the communica- 
tion. The tube 7’, with the small tubes, wires through the 
same, and the refractory buttons m and m,, was first . 
pared, and then sealed to globe L,whereupon the coil C 
was slipped in and the connections made to its ends. The 
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tube was then packed with insulating powder, jamming 
the latter as tight as possible up to very nearly the end, 
then it was closed and only a small hole left through which 
the remainder of the powder was introduced, and finally 
the end of the tube was closed. Usually in bulbs con- 
structed as shown in Fig. 33 an aluminium tube a was 
fastened to the upper end s of each of thetubes ¢ and f,, 
in order to protect that end against theheat. The buttons 
m and m, could be brought to any degree of incandescence 
by passing the discharges of Leyden jars around the coil 
C. Insuch bulbs with two buttons a very curious effect 
is produced by the formation of the shadows of each of the 
two buttons. 

Another line of experiment, which has been assiduously 
followed, was to induce by electro-dynamic induction a 
current or luminous discharge in an exhausted tube or bulb. 
This matter has received such able treatment at the 
hands of Prof. J. J. Thomson that I could add but little to 
what he has made known, even had I made it the special 
subject of this lecture. Still, since experiences in this line 
have gradually led me to the present views and results, a 
few words must be devoted here to this subject. 

It has occurred, no doubt, to many that as a vacuum tube 
is made longer the electromotive force per unit length of 
the tube, necessary to pass a luminous discharge through 
the la.ter, gets continually smaller; therefore. if the ex- 
hausted tube be made long enough, even with low fre- 
quencies a luminous discharge vould be induced in such a 
tube closed upon itself. Such a tube might be placed 
around a hall or on a ceiling. and at once a simple ap- 
pliance capable of giving considerable light would be 
obtained. But this would be an appliance hard to manu- 
facture and extremely unmanageable. It would not do to 
make the tube up of small lengths, because there would 
be with ordinary frequencies considerable loss in the 
coatings, and besides, if coatings were used, it would be 
better to supply the current directly to the tube by con- 
necting the coatings to a transformer. But even if all 
objections of such nature were removed, still, with low fre- 
quencies the light conversion itself would be inefficient, as 
I have before stated. In using extremely high frequencies 
the length of the secondary—in other words, the size of 
the vessel—can be reduced as far as desired, and the effi- 
ciency of the light conversion is increased, provided that 
means are invented for efficiently obtaining such high fre- 
quencies. Thus one is led, from theoretical and practical 
considerations, to the use of high frequencies, and this 
means high electromotive forces and small currents in the 
primary. When he works with condenser charges—and 
they are the only means up to the present known for 
reaching these extreme frequencies—he gets to electro- 
motive forces of several thousands of volts per turn of the 
primary. He cannot multiply the electro-dynamic induct- 
ive effect by taking more turns in the primary, for he ar- 
rives at the conclusion that the best way is to work with 
one single turn—though he must sometimes depart from 
this rule—and he must get along with whatever inductive 
effect he can obtain with one turn. But before be has 
long experimented with the extreme frequencies required 
to set up in a small bulb an electromotive force of several 
thousands of volts he realizes the great importance of elec- 
trostatic effects, and these effects grow relatively to the 
electro-dynamic in significance as the frequency is in- 
creased, 

Now, if anything is desirable in this case, it is to increase 
the frequency. and this would make it still worse for the 
electre-dynamic effects. On the other hand, it is easy to exalt 
the electrostatic action as far as one likes by taking more 
turns on the secondary, or combining self-induction and 
capacity to raise the potential. It should also be remem- 
bered that. in reducing the current to the smallest value 
and increasing the potential, the electric impulses of high 
frequency can be more easily transmitted through a con- 
ductor, 

These and similar thoughts determined me _ to devote 
more attention to the electrostatic phenomena, and to en- 
deavor to produce potentials as high as possible, and alter- 
nating as fast asthey could be made to alternate. I then 
found that I could excite vacuum tubes at considerable 
distance from a conductor connected to a properly cun- 
structed coil, and that I could, by converting the oscilla- 
tory current of a condenser toa higher potential, establish 
electrostatic alternating fields which acted through the 
whole extent of a room, lighting up a tube no matter 
where it was held in space. I thought I recognized that I 
had made a step in advance, and I have persevered in this 
line; but I wish tosay that I share with all lovers of science 
and progress the one and only desire—to reach a result of 
utility to men in any direction to which thought or experi- 
ment may lead me. I think that this departure is the right 
one, for I cannot see, from the observation of the pheno- 
mena which manifest themselves as the frequency is in- 
creased, what there would remain to act between two 
circuits conveying for instance, impulses of several hundred 
millions per second, except electrostatic forces. Even with 
such trifling frequencies the energy would be practically 
all potential, and my conviction has grown strong that, to 
whatever kind of motion light may be due, it is produced 
by tremendous electrostatic stresses vibrating with extreme 
a: : 

If all these phenomena observed with currents, or electric 
impulses, of high frequency, the most fascinating for an 
audience are certainly those which are noted in an electro- 
static field acting through considerable distance, and the 
best an unskilled lecturer can do is to begin and finish with 
the exhibition of these singular effects I take a tube in 
the hand and move it about, and it is lighted wherever [ 
may hold it; throughout space the invisible forces act. 
But I may take another tube and it might not light, the 
vacuum being very high. I excite it by means of a dis- 
ruptive discharge coil, and now it will hight in the electro- 
static field. I may put it away for a few weeks or months, 
still it retains the faculty of being excited. What change 
have I produced in the tube in the act of exciting it? Ifa 
motion imparted to the atoms, it is difficult to perceive how 
it can persist so long without being arrested by frictional 
losses ; and if a strain exerted in the dielectric, such asa 
simple electrification would produce, it is easy to see how 
it may persist indefinitely, but very difficult to understand 
why such a condition should aid the excitation when we 
have to deal with potentials which are rapidly alternating. 

Siace I have exhibited these phenomena for the first time, 
Ihave obtained some other interesting effects. For in- 
stanve, Ihave produced the incandescence of a button, 
tilament, or wire enclosed in atube. To get to this result 
it was necessary to economize the energy which is obtained 
from the field and direct most of it on the small body to be 
rendered incandescent. At the beginning the task appeared 
difficult, but the experiences gathered permitted me to reach 
the result easily. In Fig. 34and Fig. 35 two such tubes 
are illustrated which are prepared for the occasion. In Fig. 
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34 a short tube T,, sealed to another long tube 7, is pro- 
vided with a stem s, with a platinum wire sealed in the 
latter. A very thin lamp filament / is fastened to this 
wire, and connection to the outside is made through a thin 
copper wire w. The tube is provided with outside and 
inside coatings, C and C, respectively, and is filled as far as 
the coatings reach with conducting. and the space above 
with insulating powder. These coatings are merely used 
to enable me to perform two experiments with the tube— 
namely, to produce the effect desired either by direct con- 
nection of the body of the experimenter or of another body 
to the wire w, or by acting inductively through the glass. 
The stem sis provided with an aluminium tube a, for pur- 
poses before explained, and only a small part of the fila- 
ment reaches out of this tube. By holding the tube 7’, any- 
where in the electrostatic field the filament is rendered in- 
candescent. 

A more interesting piece of apparatus is illustrated in 
Fig. 35. The construction is the same as before, only in- 
stead of the lamp filament a small platinum wire p, sealed 
in a stem s, and bent above it in a circle, is connected to 
the copper wire w, which is joined to an inside coating 
C. Asmall stem s, is provided with a needle, on the 
point of which is arranged to rotate very freely a very light 
fan of micav. To prevent the fan from falling out, a thin 
stem of glass g is bent properly and fastened to the alu- 
minium tube. When the glass tube is held anywhere in the 
electrostatic field the platinum wire becomes incandescent, 
and the mica vanes are rotated very fast. 

Intense phosphorescence may be excited in a bulb by 
merely connecting it toa plate within the tield, and the 

late need not be any larger than an ordinary lamp shade. 

he phosphorescence excited with these currents is incom- 
parably more powerful than with ordinary apparatus. A 
small phosphorescent bulb, when attached to a wire con- 
nected to a coil, emits sufficient light to allow reading or- 
dinary print at a distance of five to six paces. It was of 
interest to see how some of the phosphorescent bulbs of 
Professor Crookes would behave with these currents, and 
he has had the kindness to lend me a few for the occasion. 
The effects produced are magnificent, especially by the sul- 
phide of calcium and sulphide of zinc. From the disrup- 
tive discharge coil they glow intensely merely by holding 
them in the hand and connecting the body to the terminal 
of the coil. 

To whatever results investigations of this kind may lead, 
their chief interest lies for the present in the ibilities 
they otfer for the production of an efficient illuminating 
device. In no branch of electric industry is an advance 
more desired than in the manufacture of light. Every 
thinker, when considering the barbarous methods em- 
ployed, the deplorable losses incurred in our best systems 
of light production, must have asked himself, What is likely 
to be the light of the future? Is it to be an incandescent 
solid, as in the present lamp, or an incandescent gas, or a 
phosphorescent body, or something like a burner, but in- 
comparably more efficient ? 

There is little chance to perfect a gas burner; not, per- 
haps, because human ingenuity has been bent upon that 

roblem for centuries without a radical departure having 
Soak made —though this argument is not devoid of force— 
but because in a burner the higher vibrations can never be 
reached except by passing through all the low ones. For 
how is a flame wcuboaedl unless by a fall of lifted weights? 
Such process cannot be maintained without renewal, and 
renewal is repeated passing from low to high vibrations. 
One way only seems to be open to improve a burner, and 
that is by tryimg to reach higher degrees of incandescence. 
Higher incandescence is equivalent to a quicker vibration; 
that means more light from the same material, and that, 
again, means more economy. In this direction some im- 
provements have been made, but the progress is hampered 
by many limitations. Discarding, then, the burner, there 
remain the three ways first mentioned, which are essen- 
tially electrical. 

Suppose the light of the immediate future to bea solid 
rendered incandescent by electricity. Would it not seem 
that it is better to employ a small button than a frail fila- 
ment? From many considerations it certainly must be 
concluded that a button is capable of a higher economy, 
assuming, of course, the difficulties connected with the 
operation of such a lamp to be effectively overcome. But 
to light such a pap we require a high potential ; and to 
get this economieally we must use high frequencies. 

Such considerations apply even more to the production 
of light by the incandescence of a gas, or by phosphorence. 
In all cases we require high frequencies and high poten- 
tials. These thoughts occurred to me a long time ago. 

Incidentally we gain, by the use of very high frequen- 
cies, many advantages, such as a higher economy in the 
light production, the possibility of working with one lead, 
the possibility of doing away with the leading-in wire, etc. 

The question is, how far can we go with frequencies ? 
Ordinary conductors rapidly lose the facility of transmit- 
ting electric impulses when the frequency is greatly in- 
creased, Assume the means for the production of impulses 
of very great frequency brought to the utmost perfection, 
every one will naturally ask how to transmit them when 
the necessity arises. In transmitting such impulses through 
conductors we must remember that we have to deal with 
pressure and flow, in the ordinary interpretation of these 
terms. Let the pressure increase to an enormous value, 
and let the flow correspondingly diminish, then such im- 
pulses—variations merely of pressure, as it were—can no 
doubt be transmitted through a wire even if their frequency 
be many hundreds of millions per second. lt would, of 
course, be out of question to transmit such impulses 
through a wire immersed in a gaseous medium, even if the 
wire were provided with a thick and excellent insulation, 
for most of the energy would be lost in molecular bom- 
bardment and consequent heating. The end of the wire 
connected to the source would be heated, and the remote 
end would receive but a trifiing part of the energy sup- 
phed. The prime necessity, then, if such electric inspulses 
ure to be used, is to find means to reduce as much as pos- 
sible the dissipation. 

The first thought is, employ the thinnest possible wire 
surrounded by the thickest practicable insulation. The 
next thought 1s to employ electrostatic screens. The insu- 
lation of the wire may be covered with a thin conducting 
coating and the latter connected to the ground. But this 
would not do, as then all the energy would pass through 
the conducting coating to the ground and nothing would 
get to the end of the wire. Ifa ground connéction is nade 
it can only be made through a conductor offering an enor- 
mous impedance, or though a condenser of extremely small 
capacity. his, however, does not do away with other 
difficulties. 

If the wave length of the impulses is much smaller than 
the length of the wire, then corresponding short waves 
will be sent up in the conducting coating, and it will be 





Vou. XIX. No. 19. 


more or less the same.as though the coating were directly 
connected toearth. It is therefore necessary to cut up the 
coating in sections much shorter than the wave length. 
Such an arrangement does not still afford a perfect screen, 
but it is ten thousand times better than none. I think it 
preferable to cut up the conducting coating in small sec- 
tions. even if the current waves be much longer than the 
coating. 

If a wire were provided with a perfect electrostatic 
screen, it would be the same as though all objects werc 
removed from it at infinite distance. The capacity would 
then be reduced to the capacity of the wire itself, which 
would be very small. It would then be possible to send 
over the wire current vibrations of very high frequencies 
at enormous distance without affecting greatly the char- 
acter of the vibrations. A perfect screen is of course out of 
the question, but I believe that with ascreen such as I have 
just described telephony could be rendered practicable 
across the Atlantic. According to my ideas, the gutta- 
percha covered wire should be provided with a third con- 
ducting coating subdivided in sections. On the top of 
this should be again placed a layer of gutta-percha and 
other insulation, and on thetop of the whole the armor. 
But such cables will not be constructed, for ere long in- 
telligence—transmitted without wires—will throb through 
the earth like a pulse through a living organism. The 
wonder is that, with the present state of knowledge and 
the experiences gained, no attempt is being made to dis- 
turb the electrostatic or magnetic condition of the earth, 
and transmit, if nothing else, intelligence. 

It has been my chief aim in presenting these results to 
point out phenomena or features of novelty, and to advance 
ideas which I am hopeful will serve as starting points of 
new departures. It has been my chief desire this evening 
to entertain you with some novel] experiments. Your ap- 
plause, so frequently and generously accorded, has told me 
that I have succeeded. 

In conclusion, let me thank you most heartily for your 
kindness and attention, and assure you that the honor [ 
have had in addressing such a distinguished audience, the 
pleasure I have had 1n presenting these results to a gather- 
ing of so many able men—and among them also some of 
those in whose work for many years past I have found en- 
lightenment and constant pleasure —I shall never forget. 
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CONTINENTAL ELECTRIC LIGHT CENTRAL STATIONS, with 
Notes on the Methods in Actual Practice for Distributing 
Electricity in Towns. By Killingsworth Hedges. 210 pp., 
25 plates and numerous illustrations. Price, $6.00.  E. 
& F. N. Spon: London, 1892. 


The object of the author of this book is first to enable the 
members of lighting committees and others taking up the 
question of the introduction of electricity to attain a rapid 
survey of what has been done abroad both on a large and a 
small scale, and consequently to enable electrical engineers 
to follow those arrangements for distributing electricity 
which differ from the usual English practice. It is com- 
piled in part from the reports made for the Congress of the 
German municipal authorities on the occasion of their visit 
to the International Electrical Exibition at Frankfort in 
August of last year. 

There is probably no other country in the world where 
there is a greater variety of systems in use in central sta- 
tions than in Germany and other continental countries of 
Europe. There appear to be scarcely two stations alike. 
It is to acquaint the electrical engineer and others in- 
terested in central stations with these very varied systems 
that the author has prepared this volume. As the Ameri- 
cans are perhaps even less wellacquainted with the meth- 
ods used in continental Europe than the Englishmen are, 
this Look ought to be of great interest to Americans, as it 
will undoubtedly be to the English. 

The general plan of the book is a more or less complete 
description of each of about 57 different central stations on 
the continent. They are dividedinto two parts, the first 
one on high pressure distribution with alternating currents 
and transformers, and the second on low pressure distri- 
bution by continuous currénts, either direct or with sec- 
ondary batteries. By far the larger number are comprised 
in Part 2. Part 3 is devoted to arumber of different sub- 
jects, including a description of the Lauffen-Frankfort 
power transmission plant, electrical measuring instruments, 
conduits, electricity compared with gas, load factors, net- 
work of mains, interest of gas companies with regard to 
electric lighting, continental central station practice, cost 
of electric light abroad and relative cost of electricity, 
concluding with some tables and other similar information 
of lke nature, including a short glossary of technical 
terms. 

This volume is provided throughout with a very large 
number of well-selected illustrations, including many large 
plates of plans of these stations, together with views, chiefly 
of the internal arrangement of the stations and of machines, 
switchboards and other apparatus. 

It is well known that German engineers are perhaps the 
most thorough of those of any country, and therefore the 
results of their work, so well illustrated in the descriptions 
of these stations, cannot fail tobe not only of interest but 
also of instruction to many American engineers. 

The language used and the character of the illustrations 
is such that the book can be read and understood not only 
by the engineer but also by managers, capitalists and others 
interested in central station lighting. Some of the stations 
described use systems which are perhaps scarcely known in 
America, although they have been in use successfully in 
Europe for some time. 


HISTORY OF THE WEST END STREET RaAILWay, BOSTON, 
Mass., together with Speeches by President Henry M. 
Whitney and others; also Expert Testimony as to the 
Safety of Electric Currents. By Louis P. Hager. 296 pp., 
ill. ublished by the author. Price, $1. Boston. 

This is a very complete historical account of the develop- 
ment of the street railway system, and especially of the 
electric railway in Boston. As is well known, the entire 
street railway system in and around the city of Boston is 
controlled by one corporation, namely, the West End Street 
Railway Company, of which Mr. Henry M. Whitney is 
president. The volume before us contains the most detailed 
account of the electric railway installations of the West 
End system that we have seen. It is interesting to notice 
that the first street railway corporation to receive a charter 
from the Massachusetts Legislature was the Dorchester & 
Roxbury Company, which obtained its franchise in 1852. 
Those who wish to obtain detailed information regarding 
the various kinds of apparatus used in the electrical instal- 
lations of the West End system will not be disappointed if 
they search for itin Mr, Hager’s book, on 
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May 7, 1802, 
A Fan for Electric Motors. 


We show in the illustration a fan derigned for use with 
electric motors. As the warm weather advances, fans of 
the kind will be in demand. The high speed of a motor 
fan requires absolute mechanical efficiency to insure per- 
fect working and safety in operation, and in the construc- 
tion of the fan illustrated experience has been availed of 
to form a fan that will distribute the breeze from it and 
not throw it, as a gleam from a search light. A nice point 








FAN FOR ELECTRIC MOTORS. 


to be borne in mind in the construction of fans is proper 
balancing. When fans are not properly balanced a per- 
ceptible jarring accompanies their use and the blotches of 
solder, carelessly affixed to the blades to effect a balance, 
produce noise enough to shame a Japanese humming-top. 

This has been carefully guarded in the design shown, 
which is being manufactured by Holmes, Booth & Hay- 
dens, of New York, and Waterbury, Conn. It is made of 
brass, and being finished in the lamp department of the 
company, is given a fine and ornamental finish. These 
fans are made in all sizes from 5 to 15 inches, lacquered or 
silver-plated. 

New Dust-Proof Bell. 


The accompanying illustration stows a new dust-proof 
bell which has just been placed upon the market by J. 
Jones & Sons, of 39 Vesey street, this city. The bell is 
rendered dust-proof by the iron box which covers the 
magnet coils, the armature and the contacts. Where 
the lead wire is carried through the iron cover a dust- 
tight joint is made by the use of a short piece of rubber 
tubing. 

The contacts are well protected so that they are 
always kept bright. The adjustment is effected by 





IRON Box ELEcTRIC BELL. 


means of a screw passing through a rubber sleeve in 
the iron cover of the bell. It will thus be seen that it 
is not necessary to remove the cover whenever the bell 
is to be adjusted. The bell is well made, nicely finished 
and its working parts thoroughly protected. 
—_—___0+- +e ______ 


An Improved Battery Jar. 





The accompanying illustration shows a new method 
of constructing battery jars which at first might seem 
unimportant but which really is a feature of consider- 
able merit. Near the top of the jar containing the 
solution a hole is made through which the wire con- 
necting with the copper terminal is passed, a turn being 
taken in the wire so that it passes through the hole a second 
time. 

This, it will be seen. makes it impossible to disturb 
the battery element when making changes in the external 
connections and so renders the battery as nearly constant 
in its action as freedom from disturbance is possible to 
make it. This battery jar is manufactured by J. Jones & 
Son, 39 Vesey street, New York. ' 


THE ELECTRICAL WORLD. 
A New Search Light. 


The accompanying illustration shows the lamp mechan- 
ism of the new ‘“‘D” type search light projector recently 
designed by the Edison General Electric Company. 

The lamp is designed to run on an incundescent circuit 
with a potential of 50 to 55 volts, at which it requires about 
15 ampéres of current and gives a light of 3,000c. p. A 
suitable resistance placed in series with the lamp permits 
its adjustment to the potential of different circuits upon 
which it may be used.. The lamp is both self-regulating 
and self-focusing. The lower carbon is pressed upward 
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IMPROVED BATTERY JAR. 


against fixed stops by a spiral spring, thus maintaining the 
arc in the focus of the reflector. A hand adjustment is 
provided for raising and lowering these stops, by which 
the vertical position of the arc can be altered, The upper 
carbon falls by gravity, its descent being perfectly regu- 
lated by the lamp mechanism, so that great steadiness of 
light 1s obtained. The negative carbon being placed a 
little back of the line of the positive carbon, a crater is 
thus formed on the side of the latter and nearly all the 
light is thrown toward the reflector. A ventilating hood 
on the top of the drum provides an escape for the heat. 
The drum is of iron and 18 inches in diameter. A highly 
polished silver-plated parabolic reflector 17 inches in diame- 
ter, with 5 inch focus, is mounted at one end of the drum on 
a finely threaded screw piece, by which it can be moved to 
or from the arc. By this means the light can be concen- 





EDISON PROJECTOR. 


trated in a narrow beam or be widely diverged. The usual 
focus in projectors of this class is from 2 inches to 3 inches, 
and considerable advantage is derived by the increase in 
focus obtained in thisprojector. A fine hole is drilled 
through the screw piece on which the reflector is mounted, 
through which the exact position of the arc is shown on a 
small piece of ground glass, 

The vertical adjustment of the drum is effected by 
means of a hand wheel operating a double threaded screw, 
and gives a movement of li degrees above, and 15 degrees 


323 


below the horizontal line. The horizontal adjustment al- 
lows a complete revolution of the drum upon the base. 
92-0 


A New Trolley Wire Pull-Off. 


In THE ELECTRICAL WORLD for April 23 were shown some 
modifications of the trolley wire insulated bells manufact- 
ured by the Mica Asbetite Insulating Company, of 444 
Pearl street, this city. Another form of these bells is 









PULL-OFF INSULATOR FOR ELECTRIC RAILWAYS. 


shown in the accompanying illustration. The construc- 
tion is well shown in the cut. The trolley wire is attached 
by removing the pins from the side of the clamp, one part 
of which is removable. The insulating material is forced 
into the shell of the bell under pressure, aud is of such a 
nature as to withstand very high temperatures. The bell 
is practically weather proof, and so constructed that an 
ample distance is allowed between the metallic parts that 
are insulated from each other. The cut shows the bell fitted 
with a pull-off arm, for use on curve constructions. The 
New York agent of these goods is Mr. J. A. Cross, of 136 
Liberty street, not Mr. Copeland, as was stated in the de- 
scriptior of the goods given in our issue of April 22. 


cc __-~»>-r  o —  - 
Quartz Fibres for Suspension Purposes. 


In the electrical laboratory of Queen & Co., Philadelphia, 
a series of interesting experiments have recently been 
made upon the properties of quartz fibres for use in sus- 
pending galvanometer systems, and in other physical 
measurements, as compared with fibres of glass, metal 
and cocoon silk. These tests have resulted so much in 
favor of the quartz fibres that that firm has decided to 
prepare them for sale. 

These fibres are drawn in the oxyhydrogen flame 
from pure rock quartz, their diameter being regulated 
by the speed of drawing. As to size, it is possible to 
draw them from those too fine to manipulate (less than 
roboo inch) up to rods , inch in diameter, and in 
lengths (for diameters less than ;,)9,5 inch to ;4y inch, 
as desired. Inspection with a microscope shows that they 
are extremely uniform in diameter and contain no 
** fishes ” or flaws of any kind. 

Some of the advantages possessed by quartz fibres 
over others are, first, perfect elasticity; they show abso- 
lutely no ‘* Nachwirkung™” or ‘‘set,” and, when 
twisted, come back to the same position immediately. 
It is thus possible to reach a much higher degree of 
sensibility with a galvanometer using a quartz fibre in 
place of unspun silk, for, as is well known, a cocoon 
tibre, to which is attached a system under small con- 
trolling force, will not return at once lo the zero point 
within 5 per cent. of the total deflection. Quartz fibres 
are also unaffected by ordinary changes of temperature 
or atmospheric conditions, whereas silk fibres, absorb- 
ing greater or less amounts of moisture at different 
times, will have correspondingly different zero points. 

The tensile strength of the quartz fibre is from 50 to 
70 tons per square inch, which is nearly as great as 
the best steel and many times that of silk. Fibres of 
extreme fineness may, consequently, be used, as for 
example, a quartz suspension ,5}5, inch in diameter 
will sustain a weight of one-half gram. They are, 
however, very easily broken by lateral stress, and they 
are, therefore, raised or lowered as a whole instead of 
attempting to bend them around a spindle, although 
the finer ones can be successfully wound upon spindles 
of a diameter of one-half inch or greater. 

The uses of quartz fibres are various. They can be 
employed advantageously for all delicate electrometer 
and galvanometer suspensions, and, as suggested by 

Mr. Boys, may be used to suspend very small bodies, the 
specific gravities of which are required, as there is practi- 
cally no capillary attraction between the fibre and water. 
Being unaffected by heat and of a very uniform diameter, 
they are excellent for use as cross-hairs in telescopes and 
microscopes; in fact they can be used to advantage for 
any of the purposes for which fibres of other material are 
now employed, and they bid fair, on account of their 
many excellent qualities, to displace their older 
rivals, 
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Financial Intelligence. 


THE ELECTRICAL STOCK MARKET. 


New York, April 30, 1892. 

Market Review.—The better feeling in the market that was 
evident last week was about as transitory as an April shower. The 
stocks then quite exhausted themselves on that incipient rise, and 
have receded fractionally, and in some cases over a point from those 
highest figures. Influences of foreign markets upon ours have been 
depressing, as American securities have been sold freely. <A large 
amount of gold has also been exported this week, and this is al ways 
used ata bear point, though in reality it is of slight importance. 
The first of May is a date of considerable importance to the money 
market, as it demands large payments for taxes. It will prove a 
boon to the market if these influences can infuse a little strength, 
and make a demand for the superfluous money now on hand. The 
channels for the employment of money grow beautifully narrower 
week by week. Good bonds are in demand, and find a ready market. 
Loans are placed as often now at two per cent. as they were at two 
and a half a week ago. 


Electric Stocks.—Among the electrics Thomson-Houston has 
lost a point to about 6134. and Edison is once more below par. It 
may be that the inactivity in these is simply to last until the 
General Electric Company’s stock is on the list, when there will be 
one price combining the two. Rumor says that New York parties 
are laying their lines to quietly secure control of the combined in- 
tereste. Those who got control of the Edison company afew 
months ago look now for game under the new régime, with a much 
larger field for their future operations. The principal offices of the 
Thomson-Houston International Electric Company will be moved 
from Boston to New York, it is stated, at an early date. Bell Tele- 
phone stock fell back to its old figure, about 202, from the high one 
that it reached last week. No internal matters caused this decline. 
It can be attributed only to a weak market, as is the case also with 
Western Union, Westinghouse and all the electrics. A better 
market in electrics is looked for during the coming month, 


Stocks Listed.—The governing committee of the New York 
Stock Exchange on April 26 listed the following securities: $3,712,228 
first preferred 7 per cent. cumulative stock, and $5,038,116 assenting 
stock, of the Westinghouse Electric and Manufacturing Company. 
The governing committee also authorized the committee on stock 
list to add $25,972 additional preferred and $217,634 common stock 
of the Westinghouse Electric and Manufacturing Company. 


Western Unton.—It is stated that the executive committee of 
the Western Union Telegraph Company from a direct and personal 
canvass will recommend an increase in the dividend rate, and that 
the rate will be made on a six per cent. basis at the June meeting. 
The surplus earnings of the company, amounting to about $14.000,- 
000, would, if divided under the form of a stock dividend, be equal 
to 16 per cent. and increase the capital to $100,000,000 . 


Westinghouse Electric.—Westinghouse electric balance 
sheet Feb. 29 shows: Cash, $87,490; bills receivable, $185,590; ac- 
counts receivable, $1,253,774; material, $445,322; advances to com- 
panies, $1,311,367; stocks and bonds, $3,858,516; plant and miscel- 
laneous, $1,049,945; patents, etc , $4,346,717; total, $12,528,697. Lia- 
bilities: Accounts, $199,634; bills payable, $476,342; sundries, $24,161; 
scrip dividend, $194,362; stock subscription, $79,150; United States 
Electric Light Company bonds, $650,000; preferred stock, $3,545,828; 
assenting stock, $4,888,196; common stock, $301,150; surplus, $2,169,- 
813; total, $12,528,697. 

Electric Street Railway Bonds.—One of the most recent 
offerings of electric bonds is that of W. J. Hayes & Sons, of Boston, 
who are placing the bonds of the East Cleveland Street Railway 
Company. They offer $75,009 worth of five per cent. first mortgage 
gold bonds. The bonds are dated March 1, 1892, and due 1910. A 
achedule of assets shows the value of the property to be as follows: 

VALUE OF PROPERTY. 








SSF OER FICCI ES TR CORE Seats tiles $261,885.20 
<<... ceceecaSibaanak wane aki 8s Seve ateteenen 380,000.00 
EE, (22.0 CeGbiC oe eas. st con Mab eduic ecee eva ounce 519,934.25 
For‘y-two SAINI 8 oth Me 1,600,000.00 
Electrical superstructure, C66... ........ccccccccccccccceces 160,000.10 

IY Sis case!) Sv acts wodaas ts ooeat aumeeed sate vsnsaced $2,921,819.45 
Cimit of first mortgage Bede cre accu te wattekec ot vseetads $1,000,000. 00 
a na ada ah es Gidie Oh 44Oe deeES oe cbaeseaund 1,500,090.00 


The East Cleveland Street Railway is composed of five different 
lines, all reaching the centre of the city, and passing through all the 
principal streets. The company has made large improvements and 
extensions the past two years, and the present issue of bonds is for 
the purpose of paying off the floating debt and making further im- 
provements. The company was chartered in 1859 and the road opened 
in 1861. The road isnow entirely equipped with electricity, and 
has 200 cars, including 85 motor cars. 

STATEMENT OF EARNINGS. 


1889. 1891. 
ene 5.5 05> ss cea acca keeee $354,100.95 $525,360.32 
Operating expenses...........-...-.s008 267,612 97 378,453.19 

NR LL SS A cca taweas kee eea $86,487.98 $146,907.16 


From the above figures it will readily be seen that according to 
the 1891 statement the company earned net nearly three times the 
amount required to pay the interest on 1,000,000 bonds. A state 
ment from A. Everett, president of the company, says that for 2 
years the company has paid six per cent. or more on its stock, and 
for 20 years the market value of the stock has not been under 15v. 
The bonds are offered at 108, and interest netting 454 per cent. 


Sale of Bonds.—Westfield, N. Y., electric light bonds have 
been sold at a premium of $1.27. Salisbury, Mo., has sold $10,000 in 
electric light bonds at par. 

To Issue Bonds.—A special meeting of the stockholders of 
the Edison Electric Nluminating Company of New York will be 
held on May 31, for the purpose of taking action upon a proposition 
to authorize the issue of $1.000,009 additional bonds under and pur- 
suant to the provisions of this company’s mortgage or deed of trust 
dated March 4, 1890, to the Central Trust Company of New York as 
trustee. 

Brooklyn City Batlroad Finances.-—President Lewis, of 
the Brooklyn City Railroad Company, ina recent interview stated 
that steps will be taken late in the summer or early this fall to 
raise the necessary amount of money required in changing to the 
electric system. No definite plan has been decided upon as yet. 
When work was begun on the electric system the company had 
$600,000 in cash available for the purpose. It also has $3,000.000 in 
bonds which can be issued whenever necessary. Anissue of new 
stock will probably be the plan adopted, after the company has 
borrowed to its full capacity. Untilthen it is not thought advis- 
able togo to the stockholders for funds, The capital stock of the 
company is now $6,000,000, and the bonded debt, including the indebt- 
edness assumed at the absorption of the Crosstown and other roads, 
is nearly $4,000,000. To increase this lien to $7,000,009 is not regarded 
as advisable, but by permitting the stockholders to double their 
holdings wou'd give them all the benefits of the profits from the 
trolley system, and undoubtedly the company would then follow 
its usual plan and permit ite shareholders to subscribe in propor- 
tion to the amount of their holdings. 

Divid ends —The Jobrecn Flectric Service Company, of Mil- 
waukee, has declared a dividend of 8 percent. The one hundred 
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and eleventh dividend on the capital stock of the Montreal Tele- 
graph Company, amounting to $40,000, guaranteed by the Western 
Union Telegraph Company, has been paid to the shareholders. The 
following exhibit shows that, including the present one, the divi- 
dends paid since Dec. 3 last, within six weeks of each other, amount 
to $220,000, equal to 11 per cent. on the $2,000,400 of capital: 


Dec. 3, 1891, dividend No. 109, 2 per cent...................05- $40,000 
Jan. 11, 1892, 10 dividends. wy Gs Gs so ccc ccvccusecoes 100,000 
March 3, 1892, dividend No. 110, 2 per cent................... 40,000 
April 16, 1892, dividend No. 111, 2 DE Wes ceccccveaceetees 40,000 

$220,000 


The above statement shows that within four and a half months 
13 dividends have been paid by the company. The executive com. 
mittee of the Erie Telephone and Telegraph Company has rec- 
ommended to the directors that a quarterly dividend of 1 per cent. 
be declared payable May 16 to stock of record May 7. 

Annual Reports.-—The annual report of the Commercial Cable 
Company has been filed. It shows that on Jan. 1 last the company 
had issued $7,716,000' of its authorized capital stock of $10,000,000, 
and its debts did not exceed $2,000,000. Its assets are declared to 
amount to at least $19,000,000. The report is signed by John W. 
Mackay, A. B. Chandler, Gardiner G. Howland, Charles R. Hosmer, 
E. C. Platt, Richard Irvin and Geo. S. Coe, a majority of the di- 
rectors, The gross earnings of the Erie Telephone and Tele- 
graph Company for the quarter ended March 31 were $221,693; 
increase, $19,300; surplus after expenses and dividends, $3,545; 
increase, $338; dividends received, $55,035; increase, $1,879; surplus, 
$7,035; subscribers added during quarter, 235; total connected, 
14, 246, against 13,376 in 1891. The Cleveland Telephone Company, 
the Northwest Telephone Exchange Company and the Southwest 
Telephone and Telegraph Company report for quarter, March 31, 
shows’ Gross earnings, $221,694, an increase of $19,300; expenses, 
exclusive of dividend paid, $218,148, an increase of $18,962; surplus, 
$3,545, an increase of $338; dividends received by Erie company, 
$55,035, an increase of $1,879; dividend just declared, $48,000, leaving 
surplus, $7.35, an increase of $1,879; total surplus, $10,580, an in- 
crease of $2,217. 

Increase in Capital Stoek.—The capital stock of the Cleve- 
land (Ohio) Electric Light and Power Company has been increased 
from $200,000 to $300,000. The Electric Elevated Street Railway Com - 

pany of Chicago has certified to an increase of capital stock from 
$3,000,000 to $5,000,000. A special meeting of the stockholders of the 
Edison Electric Illuminating Company of New York will be held 


May 31 totake action upon a proposition to increase the capita } 


stock of the company from $4,500,00€ to $6,500,000 for the purpose of 
extending its present business. The Roaring Fork Electric Light and 
Power Company, of Aspen, Colo., has certified to an increase in 
capital stock from $20v,000 to $400,000. 

Decrease in Capit] Stoek.—The Morrison, LIL, Electric 
Light and Power Company has filed a certificate of decrease of cap- 
ital stock to $20,000. 

Closing Quotations.—The following were the closing quota 
tions of electric stocks on Saturday, April 30, 1892,in New York 


and Boston : 
NEW YORK QUOTATIONS. 





Capital- 
Name of Stock. Par. ization. Bid. Ask’d 
ES CU ieee coccuseSbacsoses 04+ dbo. 6 6hdeoes 
American Telegraph Co. ........ ....... 100 14,000,,00 60 63 
Western Union Telegraph cca ansdlica 100 86,200,000 93 9344 
Commercial Cable Co...............see00: 100 7,716,000 155 160 
Edison General. Electric.................. -” 15,000,000 10144 102 
Kdison illuminating Co., of New York.. 4,500,000 814g 82% 
Brooklyn... 100 750,000 76 80 
ee os = Chicago..... 100 750,000 138 142 
U.S. Mitesinetie ia ee eagles ese 100 ~——- 11,250,000 30 35 
Edison Elec. Ligh Ge. (of Europe) stock 100 2,000,000 2% 5 
Edison Elec. L Bt Co. at Europe) om sh 30,000 65 75% 
> Ore Milling . 100 = 2,000,000 15 20 
- Toy Phonog rap | Mfg. -_— - 1,000,000 a 
Brush Illuminating Co., of New York.. 50 1,000,000 40 50 
Mt. Morris Electric Light Co............ . 500.000 20 40 
East River Electric Light, co a 100 = 1,000,000 .. 60 
rere American Phon ph Re 6,600,000 5 s 

New York Phonograph Co.. ; ......... .-. 2,000,900 3 4 
Automatic Exhibition Co................ ... 2,000,000 3 6 
New England Phonograph Co...... .... 2,000,000 134 28% 

BOSTON QUOTATIONS. 
Capital- High- Low- 
Par. ization. est. est. Bid. Ask’d. 
Thomson-Houston Elec ... 25 6,000,000 6134 —«é61 61% «61% 
Thomson Houston Elec. 
ee ee 4,000,000 29 a 
Thomson-Houston Elec.— 

SereeC Fs ii... sh 40,000 ry Er 8% «9 
Thomson-Houston Elec.— 

PRED swaths aaubiess sh 120,000 | 7% 7% 
Thomson- Houston Int’ n’al 

MEL. =}, coat uadhas tines. Seek 100 600,000 aa, chad.» ae 225 
Thomson-Houston Int’n’al - 

DOPE, « chimiccens 3450 100 400,000 ee 104 
Thomson Elec. ,Weld.. 100 ~=— 1,000,000 ioen wate 55 60 
Thomson a Elec. 

eld. - 100 1,500,000 po ee fi 10 12 
Ww estingbouse | ¢.—New 

56 ec hE ee ee 6,000,000 30 2944 29 2914 

Westinghouse Elec. —Pfd. 4,000,000 48 46 46 4614 
* Trust receipts .......... .. 10,000,000 PaO eS ein ee, 
Fort Wayne Elec.... ..... 25 4,000,000 L 13 13 1344 
FortWayne Elec. —Ser. A. sh 80,000 7 an 7% 738 
ee Oe 10 =: 1,000,000 7 5ian 7 ven 
West End St. Ry. 

Gi? eewa axe pone tick 50 7,150,000 72 724% 72% «7: 
West End St. Ry. Oe Pe 50 400,000 alas 86 8654, 
American Bell Tel .. . 100 15,000,000* 203 202 2w3 2 
Erie Tel. & Tel. Co.. .. 4,800,000 16% 164 46 4 
Mexican Tel. Co........... 10 1,280,000 suet ese, Se ‘3 
New Eng. Tel. & Tel. Co.. .. 10,304,60) 5216 52% 53 
Tropical Tel. Co..........- 10 400,000 2c. ec. 2c. 25c. 


* Ex rights, 15. 





NEW INCORPORATIONS, 


The Menominee Electric Light, Railway and Power 
Company, of Menominee, Mich., capital stock $110 000, has been 
started to furnish electric lights, construct electric railways, etc. 


The Manor Electric Company, of Manor, Pa., capital 
stock $6,000, has been formed to supply light, heat and power by 
electricity. W. J. Besser, F. L. Fry and W. H. Gress, all of Manor, 
are the promoters. 

The Harvey Steel Car and HRepair Works, of Chicago, 
Tll., with a capital stock of $250,000, has been formed to manufac- 
ture electric motors, etc. T. W. Harvey, Elmer E. Kaufman and 
Robert Titus are the incorporators. 


The Mauston Electric Light and Power Company, of 
Maustoa, Wis., capital stock $15,000, has been formed to operate, 
buy and sell electric light plants, power plants, etc. R.H. Davis, 
G. C. Cooper and J. T. Neath are the organizers. 


The Wisconsin Electrical Construction Company, of 
Milwaukee, Wis , capital stock $12,000, has been formed to buy, 
manufacture and deal in electrical apparatus. The pronfoters are 
W. H. Stewart, A. W. Slocum and C. A. Kanister. 


The Seth B. Smith Electric Company, of Butte, Mont., 
capital stock $50,000, has been incorporated to put in electric light 
plants, furnish supplies, etc. John O’Rourke, Geo. T. Schmetzel 
and Seth B. Smith, all of Butte, are the promoters. 

The Oxford Electric Light Company, of Oxford, N. Y., 
capital stock $10,000, has been formed to produce electricity for 
light, heatand power. The promoters are Fred L. Gamage, Chas. 

A. Gillman and Jas. G. Van Wagenen, all of Oxford, 


=a 
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The Liberty Avenue Street Railway Company, of Pitts. 


burgh, Pa., capital stock $50,000 has been formed to operate an 
electric railway in Pittsburgh. The incorporators are S. H. Wain- 
wright, M. F. Leslie and P. C. Byrne, of Pittsburgh. 


The Tuns Land and Water Company, of Los Angeles, 


Cal., capital stock $100,000, has been formed to supply electricity , 
etc. The incorporators are E. G. Kun, R. W. Abbott, L. R. Pattey, 


W. L. Willis and Geo. L. Willis, of Los Angeles, Cal. 


The Chester and Media Electric Railway Company, 
of Chester, Pa., capital stock $100,000, has been formed to operate 
an electric street railway at Chester. The incorporators are 
Sam A. Dyer, Geo. B. Lindsay and J. G. Dyer, all of Chester. 


The York Clifis Improvement Company, of York, Me., 
capital stock $300,000, has been formed to build, improve and deal 
in electric light works, etc. The organizers are J. D. Vermele and 
C. C. Vermele, of New York, and Sam W. Junkens, of York, Me. 


The City Plumbing and Construction Company, of 
Chicago, Ill., capita] stock $15,000, has been formed to do a merchan. 
dise and contracting business, electric lighting, etc. William 
Holgate, Albert A. Campbell and Frank J. Fox are the organizers. 


The Citizens? Electric Lighting Company, of Pontiac, 
Michigan, of Detroit, Mich., capital stock $40,000, has been form- 
ed to furnish electric light and power in Pontiac. G. E. Fisher, 0. 
D. Chase, of Detroit, and Geo. Foster, of Pontiac, are the incor- 
porators. 


The Bufialo and East Aurora Electric Railroad, of 
East Aurora, N. Y., capital stock $150,000, has been formed to op- 
erate a street surface railroad. The incorporators are Cicero J. 
Hamlin, George Sandrock, of Buffalo, and Henry H. Persons, of 
East Aurora. 


The Hull Electric Light and Power Company, of Hull, 
Mass., capital stock $10,000, has been incorporated to generate and 
furnish electricity for light, heat and power. Henry F. Holland. 
Z. T. Harrington, George A. Beatey and George E. Davis are the 
organizers. 


The Pennsylvania Mining and Improvement Com- 
pany, of Everett, Wash., capital stock $80,000, has been formed to 
deal in and operate electric light plants, operate mines, telephone 
and telegraph lines, etc. Edward Mills, Everett, Wash.; Lincoln 
F. Gault, Tacoma, Wash., and B. W. Brintnall, of Olympia, Wash. . 
are those interested. 

The New York Manufacturing Company, of Portland, 
Me., capital stock $500,000, has been formed to manufacture and 
deal in electric lamps of al] kinds, and apparatus and appliances for 
using electricity. The incorporators are John W. Fletcher, of 
Chelsea, Mass.; Henry Wellington, of Brooklyn, N. Y., and Charles 
E. Millke, also of Brooklyn. 

The Elgin, Aurora and Fox River Electric Railway 
Company has filed articles of incorporation in the office of the 
Secretary of State at SpringSeld, Il. It is proposed to build a rail- 
road from the north line of Duudee township to the south line of 
Aurora township in Kane county. The capital stock is $100,000, and 
the principal office is to be at St. Charles. 


The Buffalo, North Main Street and Tonawanda Elec. 
tric Bailroad Company, of Buffalo, N. Y., capital stock 
$60,000, has been started to operate a surface railroad from Buffalo 
to the village of Tonawanda, a distance of about six miles. Loui 
F. Warend, Buffalo; Albert T. Fancher, Little Valley, and Frank 
D. Smith, of Springville, are the parties interested. 


The Gallatin Light, Power and Railway Company, of 
Bozeman, Mont., capital stock $15,000, has been formed to generate 
and use electricity for any purpose to which it is adapted, or may 
be applied in the present state of the science. W. G. DeCelle, S. M. 
Houghton, of Helena, Mont.; W.H. Clark, of St. Paul, Minn., and 
C. J. Clark, of Minneapolis, Minn., are the org«nizers. 

The Bryan Heights Railway Company, of Bryan, Tex., 
capital stock $25,00), has been formed to construct aud maintain a 
suburban railway from a point on the west side of the Brazos River, 
opposite Velasco, to Bryan Heights, and thence to the beach on the 
Gulf of Mexico, and from the beach to Quitana, to be run by elec 
tric power or otherwise. The incorporators are J. P. Bryan, Fred 
S. Robbins and Guy M. Bryan, Jr. 

The Easton Compound Wire Compavuy, of Easton, Pa.. 
capital stock $100,000, all paid in, hasbeen formed. W. F. Pascoe is 
president of the company, Clement Stewart vice-president and C. H. 
McIntyre secretary and treasurer. The company will establish 
mills at Easton, Pa., and offices in New York, Jersey City, Easton, 
Pa., and Newark, and will manufacture a compound steel core wire 
with copper covering, for telephone, telegraph and electric light 
work. 

The Ventura and Ojai Railway Company, of San Buena- 
ventura, Cal., capital stock $250,000, has been incorporated to build 
and operate arailroad from that place to the Ojai Valley, a distance 
of 18 miles, also to develop power, electricity, etc. W.S. Chaffe, 
R. Robinson, E. P. Foster, E. S. Hall, G. W. Chrisman, W. H. 
Wilde, A. D. Barnard, A. Bernheim, all of San Buenaventura, and 
Jos. Hobart, K. P. Grant and J. K. Freis, of Ojai Valley, are those 
interested. 

The Dominion Electric Company, with a capital of $30,00v, 
is applying to the Dominion government for an act of incorpora 
tion for the purpose of manufacturing, operating and dealing in 
every description of electrical appliances, etc. The following are 
the applicants for incorporation: Robert McGibbon, Hormidas 
Lajeunesse, Arthur Baynes, and William Forest Robinson, gentle 
men, all of the city of Montreal, who are to be the first provisional 
directors of the company. 

The Canadian Pacific General Electric Company is 
applying to the Dominion government for a charter for the purpose 
of manufacturing, buying, leasing or operating machinery, motors. 
etc., appertaining to or in any way connected with the production 
or use of electrica] appliances. The proposed capital stock of the 
company is $1,000,00), divided into ten thousand shares, The names 
of the applicants are as follows: William Darling, of Toronto; 
Marshall Daniel Barr, of Toronto, manager of the Edison General 
Electric Company; John Langton, of Peterboro; Samuel Insull, of 
New York; Henry M. Francis, of Peterboro, who are to be the first 
or provisional directors of the company. 


AFFAIRS OF THE COMPANIES. 


The Menominee Electric Light, Railway and Power 
Company, of Menominee, Mich., has been formed by consolida- 
tion; capital stock, $110,000. 

The Sheboygan Electric Lighting Company, of Sheboy 
gan, Mich., has sold its plant to the Mattoon Manufacturing Com- 
pany for $43,000. Improvements will be made in the plant. 

The Westinghouse Electric and Manufacturing Com- 
pany will hold its annua) meeting in Pittsburgh on Wednesday, 
May 18, at 10 o’clock a. M., for the election of directors, etc. Trans- 
fer books will be closed on the 9th of May and opened on the 19th 
of May. 








The Mullan Electric Light Company, of Osburn, Idabo, 
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at its annual meeting elected the following officers: President, H. J. 
Rice; vice-president, D. L. Hughes; secretary and general manager, 
w. J. Luithlan; treasurer, Col. Geo. W. Moore; directors, William 
Daxon, Richard Daxon, M. J. McHugh, D. L. Hughes and Gus 
Walgren 

The Davenport Power and Light Company, of Daven- 
port, Ia., held a meeting of its directors recently. Dr. W. Allen 
resigned as secretary and treasurer and C. W. Grant was elected 
to fill the position. Mr. Grant was formerly with the Thomson- 
Houston Electric Company and is regarded as a gentleman of ex- 
tended experience in central station work. 


The Newark & South Orange, N. J., Street Railway 
Company has given a mortgage for $1,500,000 to the Fidelity 
Titleand Deposit Company, covering, it is stated, all the real and 
personal property to secure $1,500,000 of bonds at 4 per cent, The 
road was recently purchased for that amount by a syndicate and 
is to be equip ped as an electrical system. 


The Detroit Electric Company at its recent annual meet- 
ing chose the following directors: Hugh McMillan, W. H. Wells, 
Louis Warfield, Truman Newbury, James H. McMillan, Strathearn 
Hendrie and G. N. McMillan, all of Detroit, and A. A. Pope and 
Ww. B. Strong, of Boston. A large extension is under way on the 
company’s plant. The company has agencies now in New York 
and Boston. 


The Hudson River Telephone directors met April 27 to fill 
the vacancies caused by the death of the manager and vice-presi 
dent, Andrew B. Uline. Mayor James H. Manning was elected 
vice-president and Geu. Selden E. Marvin a director of the com- 
pany. The office of manager has not yet been filled. Mr. H. E. Hanley 
is acting manager, and President Joseph B. Davis is giving his 
personal attention to the affairs of the company. . The work of lay- 
ng the conduits is nearly completed. About $22,000 worth of cable 
has been purchased from the Western Electric Company—nearly 10 
miles of cable. A meeting of the Union Telegraph and Telephone 
Company was subsequently held, and Mr. C. J. French, of Boston, 
was elected a director and Mr. H. E, Hanley appointed acting man- 
ager in place of the late Mr. Uline. 


The Electric Welding Company, Limited, of London, 
Eng., owners of the patent for England of the European Electric 
Welding Company, has given to Mr. G. P. Messervy, of Boston, one 
of its directors, full powers of attorney to collect from American 
stockholders of the company money due on their allotments. The 
Electric Welding Company, Limited, of London, acts with a share 
capital of £460,000, divided into 46,000 shares of £10 each, of which 
45,000 are common shares and 1,000 founders’ shares. It is stated 
that a number of American subscribers, including some of the lead, 
ing houses on the street, have not paid up the call of £2 per share 
payable two months after allotment, while some are in default of 
£3. In view of these facts the company constitutes Mr. Messervy 
attorney todemand the payment of same, sign receipts, etc., and 
bring actions and prosecute claims. The power of attorney bears 
date April 12, 1892. 





NEW YORK NOTES. 


OFFICE OF THE ELECTRICAL WORLD, } 
167-176 TIMES BUILDING, NEW YORK, May 2, 1892. 
S. G. Booker, General Manager Fidelity Carbon Company, St. 
Louis, was in New York last week. 


Cc. E. Newton, secretary of the Jewell Belting Company, of 
Hartford, was in New York this week. 


Curtis & Dean, agents of the Thomson-Houston Electric Com- 
pany, have removed to new offices at 38 and 40 New street, 


W. HM. Gordon & Co., 115 Broadway, are now introducing a 
number of new specialties in the electric line that are being received 
with great favor. 


The Electric Construction and Supply Company are in 
stalling 70 “‘Ward”’ are lamps in the mammoth establishment of 
Chas. Broadway Rouss, this city. 


‘lo Organize a New Electric Company.—It is reported 
that another large electric company is about to be organized in this 
city with a capital stock of $40,000,000. 

Charles E. Chapin, Room 417, Electric Exchange Building, 
New York, purchasing agent for central stations and street rail- 
ways, is in the market for ten miles of street railway material. 


A. D. Newton, general manager of the Eddy Electric Company, of 
Windsor, Conn., when in New York this week said the big addition 
to their factory was being pushed as fast as possible and that busi- 
ness was booming. 


Mr. Henry Richmond is being strongly indorsed by citizens 
of Brooklyn for one of the commissionerships of the newly created 
Brooklyn Subway Committee. Mr. Richmond is chief inspector of 
the New York subways. 


Mr. Julian Scholl, New York agent for the Weston Engine 
Company, of Painted Post, N. Y., has removed his offices from 4 
Cortlandt street to 126 Liberty street, where he has fitted up ele- 
gant and commodious quarters. 


S. W. Needham, secretary and auditor of the New England 
Telegraph and Telephone Company, and Mr. 8S. A. Richardson, of 
the American Bell Telephone Company, Boston, were welcomed by 
their New York friends during the las t week. 


Albert E. Davis, business manager of the Electric Power Pub- 
lishing Company, has resigned to take charge uf the advertising 
department of the Dr. Bury Medical Company and the Covert 
Manufacturing Company, of West Troy, N. Y. Both of theabove 
companiesdo a very large business, and the management of this 
department requires great tact and experience. Mr. Davis made 
ahost of friends in the electrical field, who wish him unbounded 
success in his new venture. 


The Electric Light Suit.—The case of the Edison Electric 
Light Company vs. the United States Electric Light Company in 
the United States Circuit Court of Appeals has been continued al 
the past week. ‘The case is a very important one and considerable 
interest in it is manifested. The most of Monday and Tuesday was 
consumed by Gen. S. A. Duncan, counsel for the appellant, and since 
then the counsels for both sides have alternately held the floor. On 
Saturday the case was adjourned until Tuesday, May 3, and there 
is little prospect of its immediate conclusion. The court room has, 
for the time being, been turned into an electrical laboratory and 
the arguments very much resemble scientific lectures. 


The Magnetic Club.—The spring meeting of the Magnetic 
Club was held on Saturday evening, April 30, at the Columbian 
Restaurant, where an excellent dinner was served to 140 members 
and guests. The guest of the evening was Hon. James D. Reid 
United States Consul at Dunfermline, Scotland. Mr. Reid is one of 
the oldest telegraph men in the country, having been in the business 
©ver 45 years, and his many friends were glad of this opportunity to 
show their appreciation of his services. Vice-President Baker pre- 
sided temporarily and assigned the chair to Mr. Dealy. The speeches 
Were initiated by Mr. Baker. Mr. Dealy then introduced Mr. Reid. 
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who spoke at some length. Speeches were also made by Messrs. C. 
A. Tinker, W. C. Humstone, T. F. Clark and R, J. Hutchinson. A 
feature of the evening was the rendering by a quintetie of a song 
composed for the occasion and containing happy allusions to those 
present. 


The Advisory Council of the World’s Electrical Con- 
gress.—Upon the invitation of Dr. Elisha Gray, chairman of the 
committee on the World’s Electrical Congress, an informal 
meeting of the Eastern members of the Advisory Council 
was held at the rooms of the American Institute of Elec- 
trical Engineers, New York City, on Tuesday, April 26. It 
was the object of Dr. Gray to consult with the members 
previous to his departure for Europe on business of the 
Congress. The following members were present: Dr. Elisha 
Gray, chairman; Prof. F. B. Crocker, Prof. A. E. Dolbear, Dr. Will- 
iam E. Geyer, Mr. G. A. Hamilton, Mr. A. E. Kennelly, Mr. Thomas 
D. Lockwood, Mr. T. C. Martin, Mr. George M. Phelps, Mr. Frank- 
lin L. Pope, Dr. M. I. Pupinand Mr. R. W. Pope. Letters of regret 
were read from Professors Alexander Graham Bell, George F. 
Barker and John Trowbridge. It being simply a gathering of a 
portion of the council, no formal action could be taken, but it was 
unanimously agreed that the last week in August, 1893, would be 
the most suitable time for the meeting of the Congress, and this 
date will doubtless be recommended. 


Mr. F. BR. Chinnock, who for the past five years has been so 
closely connected with the Edison company as its New York State 
agent, is about to sever his connection with that company in order 
to take the agency for New York, New Jersey and New England 
States of the well-known Ball Engine Company, of Erie, Pa. Mr. 
Chinnock is a man of brilliant personality and one who is by natur. 
fitted to manage large undertakings. His early education was ob- 
tained in Brooklyn, N. Y., which place he left in 1873, going to 
Halifax, Nova Scotia, where he took a course in the St. Romeo In- 
stitute of that city and for several years was identified with the 
Intercolonial Railway Company there. In 1883 Mr. Chinnock came 
to New York and became Chief Inspector for the Metropolitan Tele- 
phone & Telegraph Company, filling some important positions with 
it. From 1885 to 1887 he had charge of the New York & New 
Jersey Telephone Exchange, In February of the latter year he 
became State agent for the United Edison Manufacturing Com- 
pany, covering Long Island and New Jersey, which position he 
filled until August, 1890, when he succeeded Mr. Chas. T. Hughes, 
the late district manager for New York State. Probably no agent 

in the Edison company is more universally known than Mr- 
Chinnock, and we congratulate the Ball Engine Company on secur 
ing as its agent such an energetic and able man. L. H. H. 


NEW ENGLAND NOTES. 


BRANCH OFFICE OF THE ELECTRICAL WORLD, 
Room 28, Hathaway Building, 620 Atlantic Ave., 
Boston, Mass., April 30, 1892. 


Shepard & Norwell, the well-known dry goods house of this 
city, have recently installed an electric plant. 


The Massachusetts Electrical Engineers and Mechan- 
ies’ Association held its third anniversary supper Monday even- 
ing last at the Wm. Parkmon Hall, Boston, which was well attend- 
ed by members of the fraternity. 


The Jenney Star Electric Company finds the demand for 
its motors to have grown to such an extent as to necessitate the ex- 
tension of its factory, and proposes to manufacture on an extensive 
scale on the completion of the new plant. 


Mr. C. H. Bibber, general manager of the Consolidated Elec- 
tric Manufacturing Company, leaves on an extended Western trip to 
introduce to the trade his new Heyman arc lamp and other new 
specialties. He expects to go as far as Denver before returning. 


Whe Electric Gas Lighting Company, of Boston, has just 
issued a circular to the trade, calling attention to the fact that 
the Samson battery, from its excellent record, has incited others to 
copy the label which they use The company reports a good demand 

or the Samson battery. 

The Boston Incandescent Lamp Company, Boston, has 
fitted up spacious compartments at No. 70 Pearl street, and will 
devote its attention to the sole manufacture of its lamps. In con- 
struction these lamps differ slightly in form from the well 
known types of lamps, and the promoters claim for them many ad- 
vantages. 

‘he Brookline Gas Lighting Company has recently issued 
invitations to its friends to inspect its new gas and electric plant, 
which is situated on Cambridge street, Allston, and on April 21 
held a reception at its works, on which occasion many took the 
opportunity to visit the same. The management should certainly 
feel proud of the plant which has been installed. 


The Shawmut Fuse Wire Company has recently estab- 
lished an office at No. 85 Water street, this city, with Mr. Russell 
Robb as manager. This company has purchased the good will and 
fuse wire business, together with the manufacturing equipment 
from the Massachusetts Electrical Engineering Company, as stated 
in THE ELECTRICAL WORLD of April 30, and will hereafter confine 
its business operation to this line of goods. 


The Electric Heat Alarm Company, Boston, has been 
notified by its attorney that letters patent have been granted on 
their non-conductive material in the construction of the heat alarm 
manufactured by this company. Its previous patent only cov- 
ered metal in this application under the provisions of this letter 
patent. The Electric Heat Alarm Company is absolutely protected, 
and its patent has also been allowed in Germany. 


The Barney Ventilating Fan Company, of Boston, has 
for the last 20 years given its attention to the construction of venti- 
lating fans, and claims by the use of these fans to remove moisture 
as fast as it is evaporated from the saturated article, and supply 
new dry air instead. Itis admirably adapted for usein electric 
light stations and isolated plants, where the atmosphere becomes 
oppressiv e from heat, caused from lack of proper circulation. 


WESTERN NOTES, 


BRANCH OFFICE OF 'THE ELECTRICAL WORLD, 
465 THE RooKERy, CuicaGo, April 30, 1892. 


Dr. Louis Bell was in Chicago this week en route east from an 
extended trip along the Pacific Coast. 

Mr. D. J. Hauss, the well known electrical engineer ind con- 
tractor, of Cincinnati, O,, was in Chicago this week. 

Mr. George Cutter, the Rookery, Chicago, will supply the 
Simplex wire required in wiring the Republican House, Milwaukee, 
Wis. 

Mr. BR. J. Randolph, the western manager of the Duplex 
Electric Company, sold two 10-h, p. 500-volt Duplex motors this 
week. 

Mr. F. W. Baugher is calling on the trade in Memphis and 
incidentally doing good service in booming the coming bridge cele- 
bration. 


Mr. Alex. Kempt, the Western manager of the Brush Elec- 
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tric Company, secured the contract for the South Park lighting 
plant, Chicago. 


Greenlee Bros., Twelfth street, Chicago, are interested in a 
new factory they purpose to erect at Marengo, Ill., and which will 
probably be lighted by electricity. 


Mr. G. M. Robinson, the general manager of the Charter 
Gas Engine Company, of Sterling, [I11., secured some nice orders for 
gas engines from Chicago parties this week. 


Mr. Francis M. Ireland, the well-known lawyer and patent 
solicitor and a member of the Chicago Electric Club, is now located 
in the Unity Building, 79 Dearborn street, Chicago. 


Dr. Gilbert Smith, who won a host of friends while represent- 
ing the Ansonia Brass and Copper Company, is again in Chicago 
arranging to open an office and enter the brass and copper field as a 
manufacturer’s agent. 


The Bids for the Incandescent Lights for the World's 
Fair are to be reopened, it is reported, through the efforts of Mr. 
George Westinghouse, Jr. The Westinghouse company will sub- 
mit a new bid and hopes to secure the contract. 


The Burgess Soldering Furnace Company, of Columbus, 
O., is in receipt of many flattering testimonials to the simplicity 
and efficiency of the Burgess electrician’s gasoline furnaces now 
used so largely by the construction gangs of electric lighting and 
street railway companies. 


Mr. C. E. Lee, the Western representative of the Electric Gas 
Lighting Company, of Boston, has moved to room 9, Lakeside 
Building, Chicago, where he will carry a larger stock than ever of 
gas lighting apparatus and especially of Samson batteries, of which 
he has sold several thousand cells this month. 


Thomas Appleton, civil engineer and architect, Chicago, is 
making plans for the new factory of the Warner Lock Company, to 
be built at Hampshire, Il]. The building will be of brick, slow 
burning construction, two stories high, 212 x 40 feet, with power 
house annex. It will be lighted by electricity. 


The Chicago Telephone Company was given permission 
by the City Council to put electric conduits under the streets and 
alleys of the city. For this and the right to string wires on poles 
the company paid into the City Treasury during 1891 the sum of 
$26,255.67, being 3 per cent. on the gross receipts. 


Motor Replacing Frogs.—B. E. Tilden & Co., 1,630 Monad- 
nock Building, Chicago, are meeting with much success in the 
introduction of their motor and street car replacing frogs which 
will replace a derailed car by gravitation from replacers and are 
said to be a great time saver in street railway work. 


Mr. Jas. {. Ayer, general manager of the Municipal Electric 
Lighting and Power Company, of St. Louis, Mo., in a recent com- 
munication to THE ELECTRICAL WORLD states that the installation 
of the steam and electric plant of the Bellefontaine Railway is 
completed and that it is about to start up. The road has been oper- 
ated for the past 30 days from the station of the Municipal Com- 
pany, where a 350-h. p. Thomson-Houston multipolar generator was 
temporarily putin forthe purpose. In spite of these conditions 
the road has operated 20 hours a day without a minute’s stop. 


Mr. R. J. Randolph has been appointed general Western 
manager of the Duplex Electric Compatry, of Corry, Pa., and will 
establish his headquarters in a handsome suit of offices in the 
Monadnock Building, Chicago. Mr. Randolph is well known 
throughout the West as a live, active hustler and a pioneer in the 
electrical field, and his wide experience in the lighting field qualifies 
him to handle a deal of any size. At the last election Mr. Randolph 
had the good fortune to be elected a member of the town board and 
he will do all possible to have an electric light plant installed. 


Mr. William Edward Belland Miss Henrietta Pettit will 
be married at the residence of the bridge, 148 Hinman avenue, 
Evanston, Ill., on Wednesday, May ll. A _ bridal trip through 
Canada and the Eastern States will follow, and after June 1 Mr. 
and Mrs. Bell will be at home on Tuesdays at 408 Washington 
Boulevard, Chicago. For severa] years Mr. Bell was chief clerk 
and auditor of the Western Union telegraph offices, and for a year 
past has held the responsible and active position of superintendent 
of the American district telegraph system, where he has won well 
merited praise for the energy displayed in pushing that system into 
all sections of this city. The best wishes of a host of friends will 
be extended Mr. and Mrs. Bell. : 


The Elecirical Supply Company, of Chicago, is already in 
receipt of many congratulations and thanks from parties who have 
received an early copy of its handsome new catalogue that will be 
in the hands of every one interested by the time this reaches our 
readers, as an edition of 5,000 copies is being wrapped, addressed 
and delivered to the express companies as fast as possible. And 
though there is some $10,000 represented in this book (a sum deemed 
by many sufficient to start an electrical supply house), yet the wel- 
come orders coming in every mail and referring to the new pages 
and conclusive evidence that the purchasing fraternity appreciate 
this effort to graphically delineate only those articles and supplies 
proven by practical experience to have an economic value. Wel- 
come as it will be to every one, to some it will be especially treas- 
ured for the thread of pathos woven through its pages, for there is 
ever apparent the skillful handiwork of the kindly, generous soul 
that passed away before the work was completed. Years will come 
and go before there fades from Mr. Terry’s memory the relief from 
tedious preparation and compilation afforded in the thoughtful, 
earnest and systematic method under which the completed pages 
fast grew in number, till serious illness and sudden death ended 
the life of the compiler. F. DE L. 


ENGLISH NOTES, 


(From Our Own Correspondent.) 
Lonpbon, April 13, 1892. 
Chicago Exhibition.—I hear that the government has de- 
cided to increase the grant to the British Commission to the Chica- 
go Exhibition from £25,000 to 260,000, so as to enable the Commission 
to allot space to exhibitors free of charge. 


Lane-Fox Patent.—Thbe Lane-Fox patent, No, 3,988 of 1878, 
covering paralle) distribution in combination with storage batteries 
as reservoirs of electricity, which, as decided in a recent judgment, 
is not infringed by the ordinary low pressure electric light company, 
is to be prolonged, if the Privy Council will allow. 


Metropolitan Electric Railway Schemes.—Thbe House of 
Commons and House of Lords having agreed to appoint a joint 
committee to consider these schemes, and each house having ap- 
pointed five members, it is expected that an exhaustive inquiry 
will commence immediately after Easter. One of the members 
nominated by the House of Lords is Lord Kelvin, better known, I 
think, to the scientific world as Sir William Thomson. 


Post Office and Telegraph Profits.—The gross income of 
the post office and telegraph services for the past financial year 
amounted to £12,600,000, an increase of some £350,000 upon the pre- 
ceding year. The increase, however, has been entirely swallowed 
up by an augmentation of the post-office expenditure by over £600,- 
000, five-sixths of which is due tc an increase in salaries and wages. 
It seems that during the last five years a profit of only three pence 
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has been made on every pound of telegraph revenue, 48 against a 
profit of 18 pence for the five years preceding. 


Telegraph Enterprise.—At the Oxford and Cambridge boat 
race a new telegraphic departure was made by the Press Associa- 
tion. The press boat paid out a cable over the stern, as it steamed 
up the Thames, and the various incidents of the race were tele- 
graphed second by second as they occurred, the clubs and other 
buildings supplied with tape instruments being kept continuously 
informed of the progress of the race. In consequence of this enter- 
prise on the part of the Press Association, the London papers con- 
taining full details of the race and its result were on sale within 
four minutes of the time that the Oxford crew passed the winning 
point. 

Beduction of Patent Office Fees.—In his budget speech in 
the House of Commons on Monday evening, the Chancellor of the 
Exchequer announced important reductions in the scale of patent 
fees which will come into operation on and after Sept. 20 next. 
With a view perhaps of assisting the memory of patentees, the 
scale adopted lends itself admirably to recollection; the fee of £4 
for the first four years will remain as heretofore. During the re- 
mainder of the patent’s existence the fee corresponds to the age of 
the patent, viz., £5 for tbe fifth year, £6 for the sixth year, etc., up 
to £14 for the last year. 

High Pressure Experiments.—The public exhibitions of 
the extraordinary properties of high pressure currents continue to 
be 4 la mode on this side of the Atlantic. This evening Messrs. 
Swinburne & Co. propose to beat the record by experimenting with 
a 130,000 volt 50-h. p. transformer, which they are prepared to 
guarantee would safely work up to 160,000 and possibly 200,000 
volts. With the pressure which it is proposed to employ Messrs. 
Swinburne point out that it would be possible to work a 50-h. p, 
motor placed in America with a wire one-tenth of an inch in 
diameter, with a loss of only 2 h. p, on the way. 

Mr. Reckenzaun’s Paper on Electric Traction.—The 
debate which arose last Thursday evening at the Institution of 
Electrical Engineers on Mr, Reckenzaun’s paper on electric trac- 
tion resolved itself mainly into a discussion of the pros and cons of 
accumulator traction. Mr. A. T. Snell stated thas as far as his 
experience went the total efficiency from engine to car wheels might 
be expected to be about 30 per cent. in the case of accumulator cars. 
He preferred single motor cars and single reduction gear to gearless 
motors. Generally speaking, however, two motor cars were in 
favor. Several speakers advocated starting the motor light and 
throwing it into gear by means of clutches or otherwise. Mr. 
Reckenzaun, on the other hand, stated that he had tried this nine 
yearsago and found it quite useless; even when there was a 120-lb. 
flywheel on the motor it was pulled up before the car started. 


Transformer Substations.—At the time when it was an 
nounced that the City of London Electric Lighting Company pro- 
posed to adopt the substation transformer system it was antici- 
pated by many electrical engineers that they would have no little 
difficulty in obtaining suitable sites for their stations at reasonable 
rentals in such a terribly overcrowded locality as the City of Lon- 
don. The engineers of the company must, however, be congratu- 
lated upon having displayed a remarkable degree of resource. The 
city, crowded as it is, is sprinkled here and there with old churches 
and still older churchyards. <A petition came before the Consistory 
Court of London last week, in which the rectors and churchwar- 
dens of St. Benet Sherehog and St. Nicolas Acons begged to be 
allowed to rent a portion of their respective churchyards to the 
City of London Electric Lighting Company, for the purpose of con- 
structing transformer vaults therein. The churches themselves, I 
may mention, are non-existent, having been burnt down a trifle 
over 200 years ago, the rectors and the church wardens having ap- 


parently escaped . 


LONDON, April 20, 1892. 
Bradford ,—The Bradford municipal central station having got 
into a paying condition, the Bradford Town Council has decided to 
reduce the price of electric service. 


Glasgow.—The Glasgow municipality has decided to light 
some nine or ten streets of that city by electricity applied from the 
municipal central station, The total number of lamps erected will 
be about a hundred, and the adoption of electricity will involve an 
increased expenditure of about £700 per annum. 


The Invention of Compound Winding.—The Electrician 
of April 8, in its leading article, made the remark that the first real 
compound wound dynamo was built by Mr. Crompton, to the design 
of Mr, Swinburne. This statement has called forth several letters 
on the subject, and the facts of the case are, I believe, as follows: 
The first constant-potential machines made in England were, 
indeed, those turned out by Mr. Crompton in 1882, but they were 
made under the direction of Mr. Gisbert Kapp, and not of Mr. 
Swinburne, though the latter when in Paris, in February, 1882, con- 
verted a Siemens shunt dynamo into a constant potential machine. 
It may be interesting to note that these constant potential machines 
built by Mr. Crompton were made for Berechurch Hall, near 
Colchester, and have been running ever since, the installation being 
supplied with switches for preventing polarity reversals on switch- 
ing the dynamos in parallel and also with switches for changing 
the polarity of the leads, the idea then being that this would tend 
to lengthen the life of the lamps. The engine was also fitted with a 
governor, which kept it running somewhat below its normal speed, 
whenever the load was suddenly taken off it, as was the case when 
the fuses went. 

Bar Copper Underground Conductors.—At the time, 
now some four or five years ago, when the St. James and Pall Mall 
Electric Lighting Company was proposing to employ bare copper 
strip conductors mounted on porcelain insulators and inclosed in 
iron troughs, Prof. George Forbes pointed out that there would be 
some danger of explosions due to the formation of oxygen and hy- 
drogen within the conduits. This vaticination was not much re- 
garded at the time, but subsequent events have shown that the 
form of conduit in question possesses this particular defect in ad- 
dition to several others. Both in London and in Paris the forma- 
tion of verdigris and wasting away of the copper conductors has 
reduced the sectional area. Taught by experience the Paris Edison 
Company is practically reconstructing the whole of its system of 
underground mains, making great efforts to render the conduits 
watertight and covering the conductors at the same time with a 
protecting varnish. A curious and instructive state of things 
was discovered in Paris, when a stoneware conduit was ex- 
amined after a recent violent explosion. Appreciable quan- 
tites of carbonate of soda were found mixed with car- 
bonate of potash and caustic soda; the copper conductors were 
much corroded and the copper salts surrounding them were not 
only composed of hydrocarbonate of copper, but also of chloride of 
copper. The presence of all these chemical compounds may be ex- 
plained somewhat as follows: When snow falls, the streets of 
Paris are sprinkled with impure chloride of sodium, so that the 
water which percolated through the semi-porous walls of the con- 
duit contained appreciable quantities of salt. Under the action of 
the electric current the chloride of sodium was decomposed into its 
elements, the chlorine going to one pole and the sodium to the 
other. The sodium then decomposed the water, liberating the 
hydrogen and forming soda, Chlorine and hydrogen gas were thus 








freed inside the conduit and the dangerous mixture was probably 
exploded, either by an electric spark or by the heat caused by the 
combination of the sodium with the oxygen of the water. 


Inquiries from Correspondents. 


Jueries to be inserted in this column must be of general electrical 
interest, and must be accompanied by the real name and address, 
not necessarily — publication, but as a guarantee of Saith, 
No notice will taken of ions which involve hing more 
than can be found in ele ary treatises on the subject. All cor- 
respondence should be as brief as is consistent with clearness. 
Readers are invited to send discussions and answers to these ques- 
tions, which will be inserted in the column below. 











{[101.] In a given circuit of 50,000 ohms resistance and an E. M. 
F. of 10,000 volts, the current is.2 ampéres. If the resistance of a 
certain portion R of the circuit is 1,500 ohms should the potential 
difference at its terminals be 1,500 x .2 = 300 volts? Isthe effect in 
R precisely the same as if that portion of the circuit were isolated 
and an E. M. F. of only 300 volts separately applied toit? D.K. 


{102. There is somewhere given the results of an investigation 
as to the effects of electric currents on the structure of conductors, 
crystallization, brittleness, etc., having been discovered in them 
after prolonged use. Can you refer me to the article? D. K. 


[103.] According to the wire table in Sloane’s “Arithmetic of 
Electricity,’’ a No. 1 wire will carry 130 ampéres. ‘The diagram by 
Mr. Fay, published in THE ELECTRICAL WORLD, July, 1891, shows 
that the temperature of such a wire would be raised 40 degrees 
Fahr. by that current. Is the inference correct that an increase of 
temperature of 40 degrees Fahr. in the wire is regarded as unob- 
jectionable ? D. K. 


[104.] Suppose the load on a constant current motor, whose only 
regulation depends on the opposite winding of the shunt and main 
coils, is slightly increased, the speed willdecrease. Will the current 
increase and thereby strengthen the field and restore the motor to 
speed or will current and strength of field decrease, and the motor 
finally be brought to rest ? B. P. F. 


Answers to Correspondents. 


Readers are invited to send discussions regarding, or answers to, 
the queries published in the column above, or with regard to any 
other live questions on electrical subjects. In answering questions 
oe refer to them by their serial number. Correspondence must 

accompanied by the real name and address, not necessarily for 
publication, but as a guarantee of good faith. Names of corre- 
spondents will be printed in full unless otherwise requested. All 
correspondence should be as brief asis consistent with clearness. 
THE ELECTRICAL WORLD assumes no responsibility for the opinions 
expressed by correspondents. 











(21 and 46.) For the current required by an incandescent lamp, 


see the editorial] in the issue of April 30. A. B. 
[35.] Such small dynamos are made; write to almost any of the 
manufacturers for the information you desire. A. B. 


{[36.] The sticking of the carbons in an arc lamp when new is 


pooteaty due to some substance which volatilizes as soon as the arc 
as become well established and then ceases to give trouble. 


Cc. H. 
[41.] Would refer you to the manufacturers of that particular 
machine. A.B. 


[59.] Some low voltage for the secondaries in an alternating 
system is necessary from a standpoint of safety and 50 volts is 
taken as the most convenient unit. It is claimed that incandes- 
cent lamps can be made more efficient for 50 volts than for higher 
voltages. Cc. D. 

[65.] The polarity of dynamos is often reversed, due to mechan- 
ical shocks, etc., acting under certain conditions, which will of 
necessity reverse the direction of the currentin the armature. 
Often the polarity wiil come back to its original position; if not, it 
is only necessary to change the connections at the armature, 

P. E.C. 


[67.] Never put an open circuit cell in the same circuit witha 
closed circuit cell. There is no objection to putting different makes 
of open circuit cells in the same circuit, provided each one is suited 
for the work; the same applies to closed circuit cells. Under no cir- 
cumstances should different cells be in multiple arc. Cc. H. 

(67.] Suppose that two battery cells were connected in parallel 
and their E. M. Fs. unequal; then the one of higher will cause a 
current to flow through one of the lower E. M. F. and the resultant 
current, if any, will be small. The system will then be analogous 
to that of a primary cell charging a secondary. P. E. C, 


[68.] In the circuit of 50 ampéres at 500 volts the resistance is, by 
Ohm’s law, 10 ohms. Then suppose the 50 feet of wire added to the 
circuit to increase the resistance to 50 ohms, the current will then be 
10 ampéres. This is enough to fuse the small wire, which here has 
been supposed to have a resistance of 40 ohms for 50 feet, about a 
No. 39 B. & S. Theory does not say that reducing the diameter of a 
wire reduces the current, regardless of the potential. If the poten- 
tial is constant then it is true that if the cross-section of the wire is 
diminished the current is also diminished, but not necessarily, as 
in this case, sufficiently to prevent its fusing a smaller wire inserted 


in the circuit. P. E. C, 
[69.] The heating effect always varies inversely as the square of 
the diameter. H.W. 


(70.] Electrical supplies pay duty according to the material of 
which they are composed. Dynamos, motors and all machines or 
articles of which metal is the component of chief value pay a duty 
of 45 per cent., unless otherwise provided for (and they seldom are). 
Articles of porcelain or earthenware pay 55 per cent., if plain, 60 
per cent. if decorated. Insulated wires pay 45 per cent. if the metal 
is the chief value, but if not according to the material with which 
they are covered. Hard rubber pays 35 percent. Chemicals are 
for the most part specially provided for by name, the average duty 
being 25 per cent. Platinum bars or wires are free. R. F. 





__News of the Week. _ 





THE TELEGRAPH. 


The Western Union Telegraph Company is laying four 
additional large copper wires between New York and Chicago at 
an expense, it is stated, of about $180,000. The company now has, it 
is claimed, in all 21,000 offices, including those on railroad lines, and 
has about 28,009 employés. 


THE TELEPHONE. 
The Southern New England Telephone Company is 
making great progress in the extension of its metallic circuits, and 
has expended upward of $750,000 on the same. Very extensive work 
is also under way in aerial and underground cables in New Haven, 
Bridgeport and Hartford. This work will improve the service and 
bring it up to a high degree of efficiency for local and long distance 
work. 
Bell Telephone Output.—The Bell Telephone Company 
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Vot. XTX. No. 19. 


makes the following instrument statement for the month ended 
April 20 and four months: 


Month of April 20. 1892. 1891. Increase. 
SNES. ss CaS cos cates oée eccceceeslesede 8,590 6,413 2,177 
Si kbeods so v0 wan 8% scabbasuns «.. 4,508 3,278 1,320 

SING 5 6 w h0ausd <0s ocaeteettbedeeta 3,992 3,135 857 
Shipments = 50,448 ; 2.967 8, 
NG thiamdae sdu6-0i seeds is > ini 121 
PUG 6 ck neds ess vee ists geeh tubieas 17,004 12,839 4,765 
Net output.................. thiciedl veces 12,885 9.528 3,356 
Instruments in use April 20............. 523,994 490,624 33,370 





THE ELECTRIC LIGHT. 


Ewing, Mass., will soon establish a system of electric light- 
ing. 

Brockton, Mass., has voted to establish an electric light 
plant. 

Ridgefield, N. W., is considering the question of lighting its 
streets by electricity. 


Norristown, Pa., is contemplating lighting its principal 
streets with arc lights. 


Heppner, Ore.—The Council is considering the establishment 
of an electric light plant. 


Providence, R. I.—The Narragansett Electric Lighting Com 
pany will extend its system. 

Medina, 0.—The town has voted to issue $18,000 for the con- 
struction of an electric light plant. 


Watertown, N. ¥.—The electric light plant of this place has 
been badly damaged by the recent flood. 


Ponca, Neb.—The proposition to establish an electric light 
plant will be acted upon by the Council. 


St. Clair, Mich.—The city has voted to issue $15,000 bonds for 
the construction of an electric light plant. 


Appleton, Wis.—The city clerk has been authorized to adver. 
tise for bids for a complete electric light plant. 


Allegan, Mich.—The City Council is considering a proposition 
to grant a franchise for an electric light plant, 


Milford, Mich.—Mr. J. Wellman has contracted with the 
Detroit Motor Company for an electric power plant. 


Ottawa, Can., contemplates the enlargement of its electric 
light plant, as it is now taxed to its utmost capacity. 


Sprague, Wash.—An ordinance was introduced in the Council 
for the purchasing of an electric light plant for $30,000. 


Hamburg, Pa.—The Hamburg Electric Light, Heat and Power 
Company has been incorporated with a capital of $15,000, to furnish 
Hamburg with electric lights. 

Columbus, 0.—Among the Ohio towns authorized tu issue 
bonds to erect electric light plants are Germantown, Wapakoneta 
$20,000 and Chicago junction $25,000. 

Amsterdam, N. ¥.—The question of starting an electric light 
plant by individual subscription and then turning it over to the 
city is being talked of in Amsterdam. 


Altoona, Pa.—At a meeting of the Wopsononock Resort and 
Improvement Company it was decided to erect a plant and light the 
entire grounds and buildings by electricity. 


Chester, Pa.—The Ridley Electric Company, capital $30,000, 
proposes to furnish Ridley Park, Moores, Norwood, Folsom and 
Holmes with electricity for lighting purposes. 

Harrisburg, Pa.—The two electric light companies of this 
place have consolidated under the name of the Harrisburg Electric 
Company, and will make a number of improvements, 


Greenbush, N. ¥.—The Electric Light Company is dissatisfied 
with the city’s offer of $4,000 a year for furnishing the town with 
lights and the citizens strongly urge that the town make arrange 
ments for a plant of its own. 


Wilmington, O0.—The City Council has awarded the contract 
for the constructing and installing of the city electric light plant to 
the Fort Wayne Electric Company for $11,175. Arc and ineande 
cent systems will be put in. 

Attleboro, Mass., has voted to contract, purchase, lease or es- 
tablish and maintain within its limits a plant for the manufacture 
and distribution of electricity for furnishing lights for municipal 
purposes and for the use of the citizens. 


Waupaca, Wis.—Irving P. Lord and W.B. Baker now con- 
trol the Waupaca Electric Light Company through the purchase of 
stock, and they willenlarge and improve the plant. The incan- 
descent dynamo in use has a capacity of 300 lights, and in its place 
they will have one with a capacity of 1,000 lights. 


The Kent Water Light and Power Company, of Kent, 
O., is installing anew 100-h. p. engine, also a new 800-light 
incandescent dynamo to take the place of the present 45-h. p. engine 
and 500-light dynamo, which have become inadequate to supply the 
demand for their excellent incandescent lights. It is also the pur- 
pose of the company to establish a commercial arc system in con- 
nection with their incandescent lights. 








THE GLECTRIC RAILWAY, 


Millbury, Mass.—The Worcester & Millbury Railway Com 
pany will erect a power *tation at this place. 

Braintree, Mass.—The Braintree Street Railway Company 
contemplates extending its line through Quincy to Holbrook. 

Chelsea, Mass.—Ground has been broken in Chelsea for a 
power house, the equipments of which will be the same as those of 
Lynn. 

Wyandotte, Mich.—It is expected that the electric street rail- 
way which is being constructed between this city and Detroit will 
be completed by June 1. 

The New Haven{& West Haven Horse Railway Com- 
pany, of New Haven, Conn., has been granted permission to equip 
its system electrically. 

The Bufialo & Hamburg Electric Railway from Buffalo, 
N. Y., to Hamburg, it is expected, will be completed by July. The 
trolley system will be used. 

Newburyport, Mass.—The Newburyport and Amesbury Street 
Railway Company has issued $350,000 bonds for the purpose of ex- 
tending and improving its electric system. 

Lynn, Mass.—The equipment of the new power station on 
Washington street will be three 350-h. p. Watts Campbell engines, 
a battery of Babcock & Wilcox boilers and three 350-h. p. genera- 
tors. 

Leadville, Colo.—Local parties and Eastern capitalists will 
build and operate an electric street car system inthis city. The 
company will also furnish power to operate local mines by elec- 
tricity. 

The Chicago and Evanston Electric Railroad Ordi- 
mance has passed the City Council and operations will be begun a4 
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once constructing the road, which it is stated will be pushed to com- 
pletion by Sept. 1. 

Gloversville, N. ¥.—The Johnstown, Gloversville & Kingboro 
Horse Railroad Company bas ordered Thomson Houston motors for 
four cars and two generators. The change to electrical equipment 
will be made at once. 


St. Louis Street Railway Improvements. — The Cass 
Avenue street car line, the Union, the Citizens’ and the Northern 
Central, in St. Louis, Mo., will at once be changed to electrical 
lines, and the lines extended. 


Rockville, Ind.—The Town Council has contracted with the 
Rockville Electric Light and Power Company for electric lighting. 
The company will put in a plant at once, Thomson-Houston system. 
The contract calls for $70 per lamp annually. ; 


Philadelphia, Pa.—The Traction Company has awarded the 
contract for the construction of its trolley system to the Field En- 
gineering Company, of New York. That company has an engineer 
surveying the road, but has announced no plans as yet. 


San Francisco, Cal.—The San Francisco and San Mateo Rail- 
way electrical system has just been successfully opened, and is 
now in full operation to Holy Cross Cemetery. It is expected that 
landed interests in the neighborhood will be greatly benefited. 


Lowell, Mass.—The Haverhill and Groveland Street Railway 
has been sold to the Industrial Improvement Company, of Bos- 
ton, which is really the Lowell, Lawrence and Haverhill Electric 
road. The road will extend its line 15 miles and use electricity as a 
motive power. c 

Independence, Ka.—C. W. Williams has been granted permis- 
sion by the City Council to construct and operate an electric street 
railway in this city. Over $39,000 will be used in the construction 
and equipment of the road, which, it is expectéd, will be in opera- 
tion by June 1. 

The Lima Street Railway Motor and Power Company, 
of Lima, O., is to be thoroughly equipped with the latest improve- 
ments in electrical equipment. Bonds for the purpose amounting 
to $100,000 have been issued, which have been taken by the Metro- 
politan Trust Company of New York. 


The Marion Street Railway Company, of Marion, Ind., 
will add to its plant a 90,000 Watt Thomson-Houston multipolar 
generator, and a 250-h. p. Buckeye engine; also two new cars, 
Laclede bodies, McGuire trucks, equipped with single reduction 
gearless motors. Extensions to the line will be made this summer. 


Baltimore, Md.—The proposition of the Thomson Houston 
Electric Company to run trains through the Belt Railroad Com- 
pany’s tunnel has been accepted and the details of the contract 
arranged. This is the first attempt at electric railroading on so 
jarge a scale, and itis stated the Thomson-Houston company has 
agreed to make the entire outlay without any return incase the 
experiment is a failure. Heavy electric locomotives will be 
used and the equipment will be ready when the tunnel is opened, 
which it is expected will be in December next. 


Electric Road for Fort Wayne.—A number of the gentle- 
men interested in the Cleveland Cable Railway company has 
recently secured franchises for an electric railway in Fort Wayne, 
Ind., to be called “‘The Fort Wayne Eiectric Railway Company,” 
and the order has been placed by Mes-rs. Robinson with the Short 
Electric Railway Company. The order is for 32 complete car equip 
ments, comprising sixty-four 20-h. p. single reduction Short motors, 
and ten miles of overhead construction. Part of the apparatus has 
already been shipped, and it is expected that the road will be in 
operation by June 1. 


A Successful Road.—The electric railway running from East 
Liverpool to Wellsville, Ohio, has proved to be very successful. 
This road, which was described in these columns some months 
ago and consists of eight miles of overhead construction and oper- 
ates eight cars, was completed in exactly three months from the 
day ground was broken. The company, consisting of Mr. Al. John- 
son, Mr. S. H. Short and Mr. C. E. Grover, all of Cleveland, have 
been obliged to double the equipment to accommodate summer 
travel. Eight fine open cars, containing eight instead of seven 
benches, as is usual, are just being completed by the J. G. Brill 
Company, and will be equipped with Short single reduction 20h. p. 
motors. The Short company will also furnish two additional 133 
h. p. generators, and E. H. Jones & Co. will double the steam plant. 
The united population of these two towns is only 16,000, but they 
support a street railway system larger than that to be found in 
many cities of double their size. 


The Brooklyn City Railway Company.—Work is pro- 
gressing quite rapidly on the Brooklyn City Company’s lines. The 
foundations are being laid for the new power station just behind 
the present temporary station, corner of Second avenue and Fifty 
second street. The new building will be about 380 feet x 150 feet 
and the capacity of the new plant approximately 10,000 h.p. The 
unit of engine power will be the 1,000-h. p. Corliss. The temporary 
plant of 1,600 h, p. supplies the Second avenue line, which has been 
in operation since last May. The line construction on Third avenue 
is almost completed, the motor equipments are on hand, and if the 
cars are ready by that time the road will be in operation on May 10. 
Power will be furnished by the Second avenue station, half of 
which now lies idle. The line extends from Hamilton Ferry to 
Fort Hamilton. The new station will probably be finished in the 
fall,and then the Brooklyn City Company will extend the Third 
avenue line to Fulton street, and later equip some of the other lines 
with electricity. 


New Electric Lines.—There has been filed in the office of the 
Secretary of State at Albany, N. Y., certificates of incorporation of 
five street railway companies to operate in the annexed district of 
New York. The directors of these companies are Howard Carroll, 
Thurlow Weed Barnes, George ©. Clausen, James McNaughton, 
Frank M. Pitton, George H. Laurence, Frank T. Scott, William H. 
Jasper and Charles E. Coddington. A majority of the stock in each 
company is taken by Carroll and Coddington. The first of the five 
isthe Williams Bridge & Westchester Traction Railroad Com- 
pany, with a capital of $80,000 and a length of four miles. The sec- 
ondis the Suburban Traction Company, with a capital of $150,000 
anda length of five miles. The third is the Hopefield & West- 
chester Traction Company, with a capital of $100,000 and a length 
of seven miles. The fourth is called the West Farms & West- 
chester Traction Company, with a capital of $80,000 and a length of 
three miles. The fifth is called the Van Nest, West Farms & West- 
chester Traction Company, with a capital of $150,000 and a length 
of five miles. As soon as consents of property holders can be 
secured, it is stated that work will be begun upon the lines. Elec- 
tricity will be the motive power, either storage battery or the 
trolley system. 


The Atlantic Avenue Railroad Company, of Brooklyn, is 
rapidly pushing forward the preliminary work of electrical con- 
struction. The power station will be located on the Gowanus 
Canal, between First and Second streets, and will cover an entire 
block. There will be a frontage on the canal of 200 feet and 630 feet 
ona lateral basin. The boiler equipment will consist of three bat- 
teries of Babcock & Wilcox boilers, each battery comprising two 
250-h. p. boilers. Each boiler will be 23 feet long, the tubes will be 
one-half inch thick, and will rest on extra heavy shelves, Four 
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Corliss tandem compound condensing engines have been ordered, 
one of 350 h. p., and three of 500 h. p., which latter will be adopted 
as the unit for future work; the station having been designed for 
an ultimate capacity of 5,000h. p. The flywheel of the largest en- 
gines will be 60,000 pounds weight. One condenser and two air 
pumps have also been ordered, to be run by a smaller engine. Three 
different kinds of rail are to be laid, that manufactured by the Lewis 
& Fowler Girder Rail Company, the Duplex Street Railway Track 
Ccmpany, and the Pennsylvania Steel Company, respectively’ 
Samson bridge joints, made by the Tramway Rail Company, of 
Pittsburgh, being used with the last named rail. Ties will be laid 
30 inches between centres of 5 by 9 Florida yellow pine and Connec- 
ticut white oak. The tubular style of poles, with shrunk rings at 
each joint, will be used; mainly 28 feet long. They will be furnished 
by Wallace & Co., of New York. Most of the overhead construction 
will be of span wires, an exception being made as to part of Ninth 
avenue, where the poles will be placed on one side of the street, 
with a15-foot bracket extending over both tracks. This is practica- 
ble at this point, as the tracks are not in the centre of the street. 
An order has been given for 50 cars, to be furnished by the St. Louis 
Car Company, which will be 27 feet in length, the body being 18 feet 
6inches. They will be finished inside with mahogany and three- 
ply bird’s-eye maple, with beveled edge mirrors and bronze trim- 
mings. Peckham’s flexible non-oscillating motor trucks, No.4 B 
will be used. It is expected that a portion of the road will be in 
operation early in July. 


LEGAL NOTES, 


The Right to Run Street Cars on Sunday.—At Sioux City, 
Ia., on April 22, Judge Foley decided vhe test case involving the 
right of the Rapid Transit Company to runstreet carson Sunday 
The judge held that street cars are a necessity within the meaning 
of the statute. The decision will stop the crusade which has been 
begun against the running of street cars in Sioux City on Sunday. 


Another Electrical Suit.—A suit was begun April 30 in the 
United States Circuit Court by the Weston Electrical Instrument 
Company against the firm of Alexander, Barney & Chapin for 
alle ged infringement of an apparatus for the measurement of elec- 
tricity. This is the first suitin this circuit involving this branch 
of the electrical field. A permanent injunction is sought, and an 
accounting of the profits upon which to base a pussible award of 
damages. 


An acticn has been brought in equity in the United States 
Court of the State of Maryland against the Wenstrom Consolidated 
Dynamo and Motor Company, Edwin L. Tunis (formerly president 

of the company), aleo Jobn E. Semmesand B. Howard Haman, who 
were appointed by the Circuit Court of Baltimore the receivers of 
this company, by Benjamin Blum, of New York, to set aside cer- 
tain assignments of patents made by Mr. Blum. The action is 
brougbt against the ccmpany, it is stated, foralleged failure to carry 
out the terms of sale. An application has been made restraining 
the defendants from making any transfer of patents pending the 
trial of this action. 


Prohibition of Overhead Wires in Street Railway 
Charter.—The following decisicn has teen made in the case of 
Farrell vs. Winchester Avenue Railway Company by the Supreme 
Court of Errors of Connecticut: A street railway company derives 
its powers from its charter, and its rights from its franchise, and 
the franchise can confer upon it no rights which its charter 
does not empower it to use. Therefore permission by a city fora 
street railway company to use an overhead wire electric system, 
though valid in itself, will not warrant a company in using that 
system, when its charter expressly provides that it may propel its 
cars “‘in any mode that does not involve” the use of such wires. 


A Stockholder Sues the Western Union.— William 0. 
Ross, the owner of 100 shares of the stock of the Western Union 
Telegraph Company, has begun suit against that corporation and 
two Canadian lines to prevent the payment by the first named 
company to one of the others of $41,250. In 1881 the Montreal Tel- 
egraph Company leased its lihes to the Great Northwestern Com pany 
fer a term of 99 years at $165,000 a year. The Western Union signed 
the contract as a guarantor that the Montreal company would re- 
ceive its rent regularly in case the Great Northwestern should fail 
to pay. Thirty days’ notice wa s to be given. A notice of the kind 
was served on the Western Union on the first of the present year, 
and President Norvin Green desires to pay, but Mr. Ross does not 
want to have the payment made, and claims in his complaint that 
there is no likelihood that the Great Northern Company will ever 
be able to pay the rent. He pleads that there was no consideration 
received by the Western Unionin the contract, which it had no 
power to make in its corporate capacity, and as a stockh older asks 
for an injunction. Saturday inthe New York Supreme Court, 
Chambers, Judge Patterson granted Mr. Ross permission to serve 
notice by publication on one of the Canadian defendants, the Great 
Northwestern Com pany, which has no office in New York City and 
cannot be served in person. 











PERSONALS. 


Prof. H. S. Carhart, secretary of the committee on the 
World’s Electrical Congress, sailed for Europe on April 27. 

Mr. Robert Deming, of the Stonington line of steamers, has 
been appointed president pro tem., until theannual meeting in May, 
of the Schuyler Electric Company, of Middletuwn, Conn. 

Mr. Jas. Mitchell, agent of the Thomson-Houston Internation 
al Electric Company at Riode Janerio, has just recovered from a very 
severe case of yellow fever. He reports that electric railway work 
is advancing slowly there, and that operations will begin on the 
Jardine Botanico Company’s line about Junel, while the Tynca 
line will not be ready until a couple of months later. 








MISCELLANEOUS NOTES, 


The Electrical Engineering Department of the Johns 
Hopkins University started on a week’s trip on April 28 under the 
charge of Instructors Hermann 8S, Hering and W. 8. Aldrich. 
During their absence they expect to make an interesting test of the 
Neversink Mountain Railway near Reading, Pa., as well as to visit 
numerous points of interest at Philadelphia and in the neighbor- 
hood, 


Electricity in Mining a Big Success.—The steady and suc 
cessful operation of the Gold King stamp mill at Telluride, Colo., by 
electrical power, from the last of May, 1891, to the present, has been 
of incalculable benefit, not only to the mining interests of San 
Miguel, but to those of the State and country in general, says the 
Helena Journal ina recent issue. It has never been operated a 
winter through before, but has run this winter 24 hours per day and 
six days in the week from the time it started up la:tspring. Dur- 
ing this time the total stoppage of the mill by reason of the defic- 
iency of power has averaged less than 16 minutes per day, and of 
the whole amount of time lost 80 per cent. has been due to necessary 
work on the turbines and in changing the source of the water sup- 
ply for mill purposes. Ite success has inspired contidence in invest- 
ors, and its first fruits are seen in the letting of the contract for 
the building of a 130-stamp mill on Bear Creek, 
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Industrial and Trade Notes. 


J. H. Horne & Sons Company, Lawrence, Mass., have de- 
cided to build a new machine shop 64 feet wide by 107 feet long, and 
have placed the contract for the same with the Berlin Iron Bridge 
Company, of East Berlin, Conn. 


She New York Insulated Wire Company, of 13 Cort- 
landt street, manufacturers of Vulca wire ducts, has issued a new 
catalogue and price list, illustrated and descriptive of the line of 
goods manufactured by the company. 


The Electric Engineering and Supply Company, of 
Syracuse, N. Y., is sending out a new catalogue which is profusely 
illustrated and gives detailed information in regard to the lines of 
specialties for electric lighting equipment which the company man- 
ufactures. 


The Bradbury-Stone Storage Battery Company is send- 
ing out a 3l-page illustrated and descriptive catalogue of the appa- 
ratus which it manufactures. The pamphlet is made up of several 
pages of comments in regard to the Bradbury-Stone storage battery 
system in use at Sioux City, Ia. 


The Burgess Soldering Furnace Company, of Columbus, 
O.. is in receipt of numerous indorsements of its electrician’s solder- 
ing furnace, which is better known as the Burgess Gem No. 5, and 
has received many duplicate orders from parts of the country 
wherever the iurnace has been in service. 


Parallel Wire Stretcher.—A. D. Isham, of Buffalo, N. Y., is 
manufacturing a wire stretcher which it is stated has many points 
of merit. It has no teeth, is direct pull, and is made to stand hard 
service. It is simple in design, is easily applied and quickly re- 
leased, and will not slip, mar or injure the wire. 


Geo. H. Thurston & Co., of Providence, R. L., have purchased 
the electrical house furnishing department of the Rhode Island 
Electric Protective Company, including all contracts outstanding, 
The services of Mr. Chas. E. Locke have been secured, and hereafter 
he will be at the place of business of Thurston & Co., 59 South 
Main street. 


The Standard Thermometer Company, of Peabody, 
Mass., manufacturers of metallic thermometers for mechanical, 
electrical and other purposes, has just issued a descriptive catalogue 
and price list of the standard thermometers which the company 
manufactures, It is attractively gotten up and shows to good ad- 
vantage the large line of goods handled by the company. 


The Electric Appliance Company reports that spring busi- 
ness is beginning to make itself felt and the promise is for in- 
creased activity as the season advances, The sales of Paranite 
wire are increasing in a manner that gives evidence that it has not 
failed to meet the claims made forit. The demand for Canvas 
Jacket wire also gives evidence that the general tendency is for a 
higher grade of line construction. 


The C. McIntire Company, of Newark, N.J., manufactur- 
ers of McIntire’s connectors, terminals and other specialties, reports 
a rushing business in telephone, telegraph and electric railway spe- 
cialties, The company is doing a large amount of work for Brook- 
lyn street railway companies in track or rail bonds, and has alsoa 
large number of orders for similar work from other places, besides 
making large size connectors for feed wires and track work. 


How to Build a Dynamo.—Mr. John 8S. Nowotony, of 30 
East Fifth street, Cincinnati, O., has written an excellent work on 
the subject of small motor and dynamo building that will prove of 
interest to all amateurs and students in electricity. The proper 
castings, how to start the wire and to wind both fleld and arma- 
ture, how to handle the armature and to connect the commutator 
and to insulate the brushholders, etc., are all explained in simple 
concise terms. 


Bonnell’s Nubian vs. Asphaltum.— Metal workers using 
asphaltum generally complain of their inability to secure two lots 
of asphaltum having the same density and drying qualities, and 
these complaints led Mr. C. E. Bonnell, of Cragin, Ill., to concen- 
trate his energies in producing a perfect black of uniform consis- 
tency and perfect drying qualities under all conditions. How well 
he succeeded is clearly attested by a letter received from a large 
iron foundry, reading: ‘‘ We have used your ‘CC Quick Drying 
Nubian’ for over two years and have never found the slightest 
variation. Itis uniform in quality and never any trouble to use. 
When using asphaltum we always had trouble.” 


Paul G. Burton, electrical engineer and contractor, 462 Broad- 
way, Albany, N. Y., reports the following recent installations: 
Hinchel Brewing Co., 9 h. p. motor; Chas. E. Lloyd, druggist, 55- 
light plant, complete; Dayton, Ball & Company, last manufacturers, 
110-light plant, complete, all in Albany. Also contracts for equip- 
ping the following hotels in Sharon Springs, N. Y.. the Rantion, 
Sharon House, Mansion House and Union Hote) with electric bells 
and annunciators. Mr. Burton is doing an extensive business in 
the Capital City. and carries a full line of supplies of all kinds. He 
makes a specialty of doing first-class work, and states that the out- 
look for an increasing business in Albany is very promising. 


T. &. Murphy, 136 Liberty street, New York, manufacturer of 
Italian and American marble switches, switchboards, etc., has just 
placed in the factory of the Western Electric Company what is 
perhaps the largest one-piece Italian marble switchboard in the 
world. Its dimensions are ten feet ten inches by four feet three 
inches. He has also furnished an Italian marble switchboard for 
the Middletown Opera House, one for the Mills Building in two 
pieces, five feet by seven feet each and one for the New York 
Hospital six feet six inches by four feet. The instruments only ap- 
pear on theswitchboard, the wires all being concealed. In the case 
of a rheostat the contacts and handle are the only parts visible. 
This produces a very handsome board. 


The Interior Conduit and Insulation Company, of 
New York, recently received the following notice in the Baltimore 
American, issue of April 22: ‘‘ The contract for the electric equip- 
ment and interior wiring of the new city hal) at Richmond, Va., 
was awarded yesterday to the Southern Electric Company, of this 
city. Thisis one of the largest contracts of the kind ever made. 
The company will use the Interior Conduit Company's system 
throughout, which comprises a method of insulating tubing, to- 
gether with all the modern appliances for safety and convenience, 
giving full control of the electric plant at one central point in the 
nuilding. The contract was awarded to the Baltimore house 
owing to the superiority of their work, although they were not the 
lowest bidders.”’ 


The Stearns Manufacturing Company, of Erie, Penn., hag 
recently acquired by purchase the remaining franchises of Wood- 
bury, Booth & Pryor, and the Woodbury Engine Company, of 
Rochester, N. Y., including all patterns, patents, special tools, 
trade marks, good will, etc. This puts into the hands of the Stearns 
Company not only the sule ownership of the Woodbury high speed 
automatic engine which they previously purchased, but also the 
woodbury medium speed automatic engines, and the means of 
producing both. The name “Woodbury” is familiar to all those 
who use steam engines, and with something over 3,000 of the two 
classes here named, all bearing the name “Woodbury” to point and 
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refer to, the Stearns company ought to be satisfied it has made no 
mistake in adding the medium speed automatic Woodbury to the 
Woodbury high speed which it has already pushed to the front 
rank of its class. 

A Neat Catalogue.-— The new “A. B. C.” catalogue is just out. 
It is a book of over 270 pages, handsomely bound, and contains prices 
and descriptions of almost every article required in the construc - 
tion and operation of electric light, power and railway plants. 
Part of the book is devoted to railway appliances and shows a num- 
ber of insulating devices and other specialties, which will be kept 
in stock by Alexander, Barney & Chapin. From an examination of 
this book it is apparent that there have been during the past year 
many novelties brought out in the line of electric light fittings and 
fixtures, about 50 pages of the catalogue being devoted to new 
goods. The subject of fan motors is given special prominence, sev- 
eral new forms of machines being described. Among them are a 
one-tenth h. p. motor and fan for 110 volts, direct current, which 
appears to be the most compact outfit of the kind yet put on the 
market. The catalogue also describes a new alternating fan motor, 
which has several advantages, it is stated, and is likely to be 
largely called for by stations using the alternating system. 

The Zucker & Levett Chemical Company, of this city, 
bave received from the New York Nickel Plating and Manufactur- 
ing Company the following letter: “In reply to your inquiry re- 
garding the No. 4 American Giant Dynamo, would say: We have 
had it in use for over a year and it has given entire satisfaction. 
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We have had the No. 3 Improved American Giant Dynamo in use 
for about four months, and must say, for a machine of its 
size, it far exceeds our expectations in every respect, and in 
our opinion it is the most perfect machine we have ever seen. 
Its capacity surprises us. We have run it with 1,500 gal- 
lons of nickel solution; and cannot see but that it does its work 
with that amount as easily as with a smaller quantity. We also 
tried it with 1,000 gallons of nickel, 250 gallons bronze and 100 gal- 
lons of brass solution, and had at least 300 square feet of surface in 
the baths. The test to which it had veen eubjected we thought a 
severe one, but its capacity seemed unlimited. During the four 
months the brushes were not trimmed and showed no perceptible 
wear. There was no sparking at any time, and the commutator 
was apparently in as good a condition as when first started.” 


The Jefirey Manufacturing Company, of Columbus, 0O., 
manufacturers of coal mining machines and power coal drills, now 
has 51 electric mining machines in daily use, not including the 
orders given below. This company is meeting with the best of suc- 
cess in its coal mining machines, and wherever in operation it is 
stated that these machines are giving the best of satisfaction. The 
Jeffrey company, with its experience of the past three years, and 
having the services of a large number of practical experienced men 
is enabled to contract for complete plants, guaranteeing them to be 
all that it claims for them. The progress of electric coal mining 
machinery is being closely watched by coal operators, and the suc 
cess of the Jeffrey apparatus is evidence of the class of machines 
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which the company manufactures. The following are a few recent, 
orders which the company has received: Second order for one 
Jeffrey electric mining machine from the Congo Mining Company 

Congo, O.; third order for one Jeffrey electric mining machine from 
the Redstone Oil, Coal and Coke Company, Grindstone, Pa.; also 
three orders, first equipment for complete Jeffrey electric coal min 

ing machine plants for the Hocking Valley, briefly described as foi- 
lows: Two plants each, consisting of boilers, engines, dynamos and 
all necessary connections to run four Jeffrey electric mining 
machines, with a daily tonnage capacity of 800 tons; also a third 
plant, complete, torun six Jeffrey electric coal mining machines, 
with a daily tonnage capacity of 1,200 tons. 








Molds for Casting Zinc, Lead, Carbon, Ete.—Every 
facility and experience for making these specialties. Address 
Homer Brooke, 44 Barclay street, New York. 

Battery Cut-Out, Cheap.—Sensitive, reliable, never requires 
attention. Gas lighting much improved by its use. Electric Sup- 
ply Company, of 105 South Warren street, Syracuse, N. Y. 

35-light, 2,000-c. p. American are dynamo, in good con - 
dition, for sale at a bargain; also 750-light Westinghouse alternator, 
with station appliances. Address E. T. Pardee, 10 Butler Building, 
Syracuse, N. Y. 


OUR ILLUSTRATED RECORD OF ELECTRICAL PATENTS. 


U. S. PATENTS ISSUED APRIL 26, 1892. 





11,238, Reissued. Secondary Battery; Isaiah L. Roberts, 
New York. Application for reissue filed Jan 28, 1892. In a sec- 
ondary or a battery, the combination of the electrodes with 
an electrolyte of a salt of iron, which is capable of absorbing an 
acid radical, and a non-porous electrolytic diaphragm inte 
between the electrodes. 


473,463. Plunge-Battery; James H. Howard, of Medford, 
Mass. Application filed Dec. 1, 1890. In a plunge-battery, the 
combination of the casing, the shafts journaled in the casing near 
opposite ends thereof, and the carbon and zinc plates attached, 
respectively, to the shafts. 


473,499. Circuit-Closer; Charles H. Delano, Woburn, Mass. 
A circuit-closer fitted to be closed by the hand and provided with 
a body formed wholly or in part of a conducting material, having 
a tubular passage therethrough for conducting wires, an exterior 
series of flexible strips or wires of conducting material located at 
one end of the body, but insulated from the conducting material 
of the latter and having said strips or wires connected therewith. 


473,504. Electric Switch; Halbert K. Hitchcock, of Louis- 
ville, Ky. Application filed Sept. 16, 1891. The combination of a 
number of stationary contacts with two contact connectors, each 
capable of independent movement into position toe gage any of 
said contacts that may be desired, and an actuator connected 
with both said connectors, whereby both are actuated simul- 
taneously, said contacts being arranged with relation to said 
connectors whereby in the simultaneous movement of the con- 
nectors produced by the actuator one of said connectors is 
ee from and the other engaged with the contacts opposite 
which it is set. 


473,514. Induction Discharge Protector for Wateins 
Apparatus; Hermann Lemp, Lynn, Mass. Application file 
Aug. 14, 1889. The combination, with an electromagnet. of a 
circuit breaker actuated by such magnet and having its contacts 
in the field the reof, and a spring oe in opposition to the pull 
of the magnet for restoring the circuit breaker to circuit closing 

sition after operation of same for the purpose of interrupting 
he flow of the current in the circuit of the magnet. 


473,532. Two-Wire Telephone Szotoms Giles Taintor, 
Keene, N. H. Aponention filed May 9, 1890. The combination, in 
a two wire telephone system, of a Joop, a generator in connection 
therewith, and a switch with circuit closers, combined with a 
cross Wire and with a branch wire to earth from either said talk- 
ing or ringing circuits to enable stations outside the lines now 
short-circuited to be called. 
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473,536. Alternating Current Are Lamp} Barton B. Ward 
New York. Application filed March 28, 1c91. Inan alternating 
current are lamp, the combination, with the carbon supporting 
lever, of the alternating current lamp magnet having its movable 
core or equivalent moving portion connected with said support- 
ing lever by a loose connection, and a damper of the vibrations 
applied between the core and the lever. (See illustration.) 


473.538. Rlectrical Measuring Instrument; Edward 
Weston, Newark, N. J. Application filed Jan. 8, 1891. In com- 
bination with the working mechanism of an electrical measuring 
instrument, an index or needle actuated by said mechanism, a 
box or case wholly enclosing said index and inserted in one of 
the walls of said case, and a plate of translucent material in- 
scribed witb a scale marking appropriate to the instrument, over 
which scale the index moves, (See illustration.) 


473,539. Electrical Measuring Instrument; Edward 
Weston, Newark, N. J. Application filed Jan. 24, is91. In an 
electrical measuring instrument, a magnet having concentric an- 
nular poles, acoil in the annular interpolar space, a support for 
said coil axially movable within said magnet and having on its 
periphery a - ral guide, an independently supported rotary shaft 
en ing with said guide, an index carried by said shaft, and a 
scale over which the said index needle moves. 


473.547. Dynamo-Electric Machine; Ward Decker, Owego, 
N.Y. Application filed Noy. 25, 1891. In a multipolar dynamo 
electric machine, the combination, with a series of armature coils, 
all electrically connected together at one end, of a cross-connected 
commutator, the sections of which are connected, respectively, 
with the opposite or free ends of the coils. (See illustration.) 


473,567. Commutator Connection for Electric Motors 
or Generators; Charies G. Curtis, New York. Application 
filed Aug. 26, 1891. The method of forming the commutator con- 
nections in an electric motor or generator, consisting in forming a 
hole in some portion of the commutator bar, passing the end of 
the wire or conductor through this hole, then enlarging the pro- 
jecting end of the wire, so that one of the dimensions is ter 
than the corresponding dimension of the hole, and then forcing 
the enlarged end back into the hole. 


473,568. Armature for Dynamo-Electric Machines or 
Motors; Charles G. Curtis, New York. Application filed Nov. 
12, 1891. An aruature enclosed in a water-proof covering, that 
part of the covering in the path of the lines of force being of non- 
conducting material, and rigid caps protecting the ends of the 
armature. (See illustration.) 


473,594. Electric Circuit Controlling Device; Mande- 
ville Thum, of Louisville, Ky. Application filed June 5, 1891. In 
a circuit controlling device, the combination of an electromagnet, 
an armature and movable contact piece controlled by said magnet, 
a second contact adapted to be engage by the first means, such a 
weight for forcing said armature and point away from the magnet 
to separate said contacts, a support or weight tending to restrain 
the movement of the armature in the direction of the magnet and 
adapted to resist the normal force of the latter and to permit the 
movement of the armature upon the augmentation of the force of 
— —— upon the extreme movement of the armature toward 
the magnet. 





No. 473,536.—ALTERNA‘ 2.06 CURRENT ARC LAMP. 


473,595. Cireuit Controlling Device; Mandeville Thum, 
Louisville, Ky. Application filed June 5, 1891. The combination 
witha ppagnetic core of a contact portion carried by said core, a 
helix electrically connected with said contact and surrounding 
the core, and an armature having a contact normally bearing 
upon said contact portion and which when in such position per- 
mits the movement of the armature toward, the core for the pur- 
pose of separating said contacts. 


473,614. Electric meaiwer Sigma 5 Charles E. Corporan, 
Colorado City, Colo. Apotent on filed June 17, 1891. In an elec- 
tric signaling device, the combinatiofi ofa railway, the rails of 
which form continuous conductors, an intermediate conductor 
between said rails, the same comprising an insulated rail provided 
with longitudinal grooves on either side of the top thereof and 
sectional conductors secured in said grooves, a vehicle to travel 
upon the track, the wheels of which make electrical contact with 
the rails, a frame pivoted at one end beneath the vehicle, a trolley 
wheel journaled in the opposite end of the frame to make contact 
with the conductors of the central track, a lever flexibly con- 
nected with said frame and proriees with a spring actuated dog, 
a notched segment anes ly engaged 2 said lever dog, anda 
per ay and signaling device carried by said vehicle and connected 
with the driving wheels and trolley thereof. 


473,618. Dynamo-Electric Machine ; Rudolf Eickemeyer, 
of Yonkers, N Y. Application filed June 13, 1888. The combina- 
tion of an armature drum or core having at its ends projecting 
studs or pins, and a set of counterpart detachable coils, each hav- 
ing a long side and a short side which is a little longer than the 
face of the drum or core, and having ends which are located 
between said studs, and diverge from the short side to the long 
side, the said ends near their long sides overlying the ends of other 
coils near their short sides. 


473,619. DymganenMieteric Machine; Rudolf Eickemeyer, 

of Yonkers, N.Y. Application filed Dec. 93, 1889. In an arma- 
ture for dynamo-electric machines, the combination of a drum or 
core and a winding composed of a set of multiple coils, each of 
which is composed of a group of twoor more independent coils, 
each having a short side and a long side, the short sides and long 
sides in each group being separated by spaces for respectively 
receiving the long sides and the short sides of other similar coils, 
all of the said coils in each group being mechanically connected 
and constituting a multiple coil, which as a complete section 
of winding is readily applicable to and detachable from the drum 
or core. 
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473,637. Coupling for Electric Wires; James F. McElroy, 
Albany, N. Y. Application filed Nov. 24, 1891. In a coupler for 
electric wires, the combination. with two corresponding heads, of 
metallic tongues projecting beyond the heads and arran to 
closely en th each other when the coupling is made, the 
outer face of the tongues being formed with suitable shoulders. 
and contact springs forming terminals for the circuit arranged 
with the Seaae their outer ends engaging the projecting ends of 
the tongues of the one heads to form a coupling and to closely 
unite respective 68, 


473,661. Combined Gas and Electric Light Bracket; 
John Fitzgerald, Montreal, Canada. Application filed July Mi, 
1891. A combination gas and electric bracket having tubular 
pare, means for attachment, and a universal joint formed of two 

ollow cylindrical portions arranged axially at rot angles to 
each other and each composed of half sections with their inner 
faces held together in swiveling relation, means for holding such 
connections between one half section of one cylindrical portion 
and another half section of the other cytimarieal portion. 


473,674. Electric Locomotive} Sidney H. Short, Cleveland, 
O. Application filed May 26, 1891. In an electric locomotive, the 
combination, with a driving axle and a field magnet frame yield- 
ingly supported on the truck frame and independently of the car 

y, of an armature'sleeve encircling the axle and journaled in 

the fleld magnet frame, a driving disc secured to each end of the 

armature sleeve, and springs connecting said driving discs and 
driving wheels. 


473,693. Electric Locomotive; Joseph I. Conklin, Brooklyn, 
N. Y. Application filed March 4, 1891. an electric motor for 
cars, the combination, with a frame, of a vertical shaft, a gear- 
wheel on said shaft, a series of motors around said shaft, the ar- 
mature shafts of said motors being extended upward and pro- 
vided with r wheels in position to engage the gear wheel on 
said vertical shaft, a horizontal shaft provided th ring at 
its extremities to connect with the car axles, and gearing which 
connects said horizontal shaft with said vertical shaft. 


473,699. Automatic Heat Regulating Apparatus; 
Charles F. Goodhue, Boston, Mass. Application filed’ May 29° 
1891. In a temperature controlling apparatus, a single electric 
circuit having a thermo-static circuit closing device and a polar- 
ized relay, combined with a damper-operating motor and a cur- 
rent reversing device controlled y dng motor, the armature of 
the polarized relay being adapted to be moved by each reversal of 
the current caused by said reversing device. 


473,713. Covered Electric Wire; Henry A. Rueter, Boston, 
Mass. Application filed July 25,1891. The method of covering 
wire, consisting of taking a strip or strips, subjecting them to a 
bath of parchmentizing material, and winding the strip or strips 
while wet and soft upon the wire. 


473,717. Electric Contact Protector; Richard Varley, Jr., 
Englewood, N. J. Application filed July 7, 1891. The invention 
consists of two electrodes, one of which is recessed in line with 
the other electrode, in combination with an elastic septum 
through which one electrode passes, and which septum sets 
tightly against the raised surface of the other electrode. 
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473,820. Automatic Transporter and Exploder for 
Explosives for Aiding Bainfall; Laurice Leroy Brown, 
Patmos, Kan. Application filed Jan. 5, 1892. The combination 
with an inclined track which forms an electrical conductor, an 
which is connected with the source of supply at its upper end, and 
a second conductor extending outward from the source of supply 
and in a line with the track of a bomb, adapted to move on the 
said track and connect the outer ends of the said conductors, 
whereby the circuit is closed and the bomb exploded. 


473,832. Electric Signal tor Railway Trains; Lawrence 
Dunn, of Fort Smith, Ark. Application filed Nov. 30, 1891. The 
invention consists of jacks comprising a pair of plates to which 
the electrical conductors are attached, an insulating plug between 
the connected ends of said plates having a conical point, anda 
plug having contact pieces connec: ed to the coupling wires, which 
pieces are adapted to form electrical connections with the plates 
and a pair of spring contact plates arranged to be separated by 
the conical point of insulating piece. 


473,841. Manufacture of Carbon Blocks; Léon Hulin, 
Froges, France. preation Sat Ages * 1890, al ¥e maven do 
sc process of making articles of carbon, which consists in 
shaping and preparing ready for aextng geganeves a number of 
comparatively small plates or blocks of carbon, building up the 
desired article from such plates while still unbaked, and then 
baking the article thus formed. 


473,848. Electric Switchboard ; John}V. Maver, Newark, 
N. J. Application filed May 11, 1891. A switchboard for electrical 
lighting systems combining with a board a series of crossing 
dynamo machine and lamp connections, each of said connections 
having terminals consisting of poets sockets split to secure 
a spring action, and th ed shanks which receive the connec- 
tions, and nuts for holding the parts together, insulating material 
interposed between said sockets, and a plug having two pairs of 
insulated arms. 

473,871. Electrically Propelled Vehicle; Fulton Gardner, 
Chicago, I]. Application filed Aug. 31, 1891. A wheel for electri- 
cally propelled vehicles, carrying a storage battery the cells 
whereof are arranged at suitable points around such, whereby 4 
more uniform distribution of the load is obtained. 
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